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INTRODUCTION 


Tills volmne marks the completion ot the lirsi hall ot the Wealih ol India series on Raw 
Materials. It eontains 3 S() entries including 37 *) on plant s|)e(ic‘s, 7 (in animals and 3 on mine- 
rals. The volume follows in the main the pattern of the |irevious volumes, except in the case 
of the article on Insects and Insect IVsis. where a departure has heen made in liieraliire 
citations : this has hecomc necessary in view of the more general nature ol the at tic le and 
many of the puhlications consullcxl as sources of information cover more than one aspect ol 
the SLihject. Also a table of contents is provided at the heginning of the article to facilitate 
reference to individual sections of this lengthy articlex Indeed, the suggestion to provide such 
tallies to artic les running over several pages in the Dictionary has hc-en made hy several con 
trihutors, readers and reviewers. 

The following contrihutions from external sources (names given within hracketsl have 
heen utili/ed in |irepariiig the articles: Iron ores (Dr. K. C. IVrcival cSc Dr. M. W \Va/alwar, 
I’ata Iron cV Steel (^i., |ainshedj)ur) : Jade ('The Intr Prol. U. L. (Ihhihher. Ranaras llindu 
University) : and Kynnile (Dr. ). A. Dunn. Ueol. Sure. Itidia). I'lu* .irticle on Inst’its e I used 
l^isls has heen compiled from contrihutions hy the lollowing: Dr. M. L. Roonwal (/ool. Surv. 
India, Calcutta), Dr. Y. R. Ran (Retd Kmomologist, Rangalore), Dr. K. U. Ual (Plant Protection 
Adviser. (io\t. ol India, New Delhi). Dr. 1. M. Puri (Malaria Institute, Delhi). Dr. P>. C.. Rasu 
(School of rro[). Medic ine. C.alcutt.'i). Dr. M. S. Maui (Zool. Surv. India, C’alcutta), Dr. 1). S. 
Kao (Dep. Agric. Mysore, Ikangalore) and Dr. I*. M. V'^arma (Vhrus Untomologisi . Agric . 
C^illege, Poona). The article on Uevta has heen scrutini/.ed hy the Rid)h(‘r Roard, Koliayain. 
which also supplied the data and illustrations. Many other articles have heen semtini/ed hv 
sj)ecialists and information has heen received from a large numher of sotirces. 'To all these* 
c out ril)utf)rs, relerec's and others, the Chief f'ditor is greatly indehtc'd. lie is also gr;itc*lnl to 
Prof. /\. I". Hill (Rotatiical Mu.seiitn. Harvard Univ., Catnhridge, Mass. LLS.A.), Dr. 1). 
Cdiattc-rjc-e (Indian Rotatiic (larclen, Calcutta), Dr. S. K. Mukerjee (Central National 
Herharium, Rot. Surv. India, C.alcuira) and Shri M. R. Rai/.ada (Forc'st Res. Inst.. Dehra Dun) 
for their advice on plant tiomenclature and to the President, k'orest Rese.arch Institute*, Dehra 
Dun, Director. Indiati Agricultural Resc*arch Iiistitute, New Delhi and Supc‘riniendc*ni . Lai 
hagh Rotatiic CJarclens, Rang.alore, for the supply ol illustrations. 

'The Cdiief Kditor desires to express his gratitude to Prof. M. S. Thacker in j>aiticular and 
to exuh of the* other memhers of the lalitori.al C^>mmittc*e for help, guidance and criticism. 
He is c*speciallv itidehted to Rev. 11. Sant.apau for valuable .'issistaiice in the c'om|)ilal ion (»f 
botanical articles and to Dr. Raiiii Prashad for guidance and su|)ervision of the Zoological 
Unit stationed at Dehra Dun. He also wislu's to jilacv on record his grateful apjirec iation of 
the unstinted labour and loyal cooperation of his collc'agiies and stall. 

'The C’hief Lditor is kc'enly c'onscious of the nec'd for complc*ting the conijiilation of tlie 
remaitiing volumes ex|)ediriouslv. The nature of the imdertakitig’, involving as it does an 
exhaustive scrutiny of all puhlished literature and re|)oris from oHicial and non-ollic ial agc-nc ies, 
c ritical scrutiny of data collected from diverse sources, and re fereeing of comple ted .art ic ies hy 
sj)c*c ialists, sets limits to the speeding rtp of the compilation. Lvc*n so, the Ivlitori.al C!ommittc*e 
has examined the possibilities and taken ste|)s to expedite the further volumes. 

Suggestions for improvement will he gratefully received atid m.ide use of in suhsecpient 
volumes. 
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HABENARIA Willd. {Orchidaceae) 

A large genus of orchids found in tropical and 
temperate parts of the world. About 8 species arc 
reported from India, of which two are of minor 
economic importance. 

H. commelinifolia Wall, ex Lindl. 

FI. Br. Tnd., VI, 143. 

A ground orchid, 2-3 ft. high, witli white, inodo- 
rous flowers, 0.5-0.75 inch in diameter, found nearly 
throughout India, from Punjab and Kiimaon east- 
wards to Bihar, (]hota Nagpur and Orissa and south- 
wards in Central, West and South India. It occurs in 
open sandy soils, paddy fields and grasslands. The 
rubers of the plant, which are elliptic or cylindrical, 
furnish a salep (Mooney, 207 ; Kirt. & Basu, IV, 2415). 

H. susannae (Linn.) R. \\r.- Pla taf it hera susfiinuw 
(Linn.) landl. 

FI. Br. Ind., VI, 137. 
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FIG. 1. HABENARIA SUSANNAB-FLOWERING BRANCH 


Ciioi A Naofur — Hukakanda ; Bomb a y — IF// g/i- 
clioora. 

A robust, ornamental, ground orchid, with under- 
ground tubers, 3-4 in. long, found nearly throughout 
India, up to an elevation of 4,oo(>-6,(xx> ft. It bears 
white, fragrant flowers, 3-4 inches in diameter and 
is cemsidered by orchid fanciers as the largest and 
the most showy among Haheuarui spp. It can be culti- 
vated from tubers, if care is taken to rest them after 
the leafy stems have died (Bailey, 1947, II, 1424 ; FI. 
Malaya, 1 , 81). 

'rhough fairly frecpient in western ghats and other 
areas in India, the orchid is rejwrted to be rapidly 
disappearing due to the indiscriminate digging up 
for its edible tubers. The tubers are much .sought 
after by jungle tribes and by wild pigs. The tubers 
are also used as a cure for blebs or bullae, specially 
those occurring on the palm of the hand (Mooney, 
206 ; Collett, 501 ; Santapau, Rcc. hot. Surv. India, 
1953, ; Dixon, /. Bombay nat. Hist, Soc., 1896, 

10, 328). ‘ ‘ 

HACKELOCHLOA Kunize ((r ran linear) 

D.K.P., HI. 424: V, 164 ; FI. Br. Ind., VII, 159; 
Blatter McCann, 32, PI. 22. 

A genus of annual gra.sses distributed in the tropical 
countries of the world. Two species occur in India of 
which H, granularis (Linn.) Kunize syn. Manisuris 
irranniaris Linn. f. (San.s.- ; Hindi- Trin- 
l>ali, kanirni : iW], Kasiungbas ; 'I'ki.. Knrnjcdanai 
gaddi, guru singu gaddi ; Kan. Kadu sauna harka 
hullu) is of some importance. It is an annual grass, 
with culms 1-3 ft. high, found throughout the 
warmer pans of India, in open gra.sslands and culti- 
vated lields. It is considered to be a moderately good 
fodder in all stages of growth ; it is also suitable for 
hay. Analysis of the grass gave the following values 
(dry basis): protein, 6.35; fat, 0.92; carbohydrates, 
45.55 ; crude fibre, 32.86 ; and ash, 14.32';.. (Burkill, 

11, 1422 ; FI. Assam, V, 442 : FI. Madras, 1758 ; 
Dalziel, 529 ; Walandouw, /. svi. Res. Indonesia, 1952, 
J, 201). 

HAEMANTHUS Linn. (Awaryllidaceae) 

Chittenden, II, 946 : Macmillan. 133, Fig. 

A genus of bulbous herbs native mostly of Africa. 
A few species arc cultivated in Indian gardens. 
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Corniiionly known as Blood Lilies, Haemanthus 
species are propagated by offsets which are produced 
freely. A well-drained light or sandy, but rich soil 
is suitable. For pot culture, two parts of light soil 
and one part of well-decayed farmyard manure arc 
needed ; a weak liquid manure is desirable during 
early stages. The plants flower better if under-potted, 
when it is unnece.ssary to shift them every year [Desai, 
Indian Fmg, N.S,, 1956-57, 6(5), 24]. 

//. multiflorus Martyn syn. //. kalbreycri Baker 
(Painter’s Brush Lily) is the best known species of 
the genus grown in India. Bulbs globose, c. 3 in. 
thick ; leaves several, oblong, c. 12 in. long, stalked ; 
flowers scarlet, borne in a globular head at the end 
of a red-spotted scape (1-1.5 ft. long) with long, pro- 
jecting stamens, giving the head an attractive pin- 
cushion or brush-like appearance (Gopalaswamiengar, 
492). 

H. alhomaculalm Baker and //. albiflos Jactp, 
white-flowered species, though not so common, arc 
attractive garden plants (Firminger, 333-34). 

'riie bulbs of many Haemanthus spp. contain toxic 
alkaloids, /i. multiflorus is used as a fish poison in 
Africa ; it is also reported to be poisonous to pigs. 
Extracts of the bulb are reported to be used as topical 
treatment for ulcers and wounds. The bulb contains 
an alkaloid, haeinanthinc (Ci Jla-jOttN). Fresh bulbs 
of //. alhiflos contain 0.18% of amorphous and 
0.077% of crystalline alkaloids, Lycorenine and tazet- 
tine have been identified : the latter has slight hyjx)- 
tensive activity. Fresh bulbs of //. albonuiculaltis 
contain 0.33% of amorphous alkaloids (Dalziel, 487 ; 
Gilhens, 91 ; Wildman & Kaufinann, /. Amer, chem, 
Sot\, 1955, 77 , 1248). 

HAEMATOCARPUS Miers (Menispcnnaceac) 

FI. Br. Ind., 1 , 106. 

A genus of about three s|X‘cies occurring in the 
Himalayas, of which f/. tlwmsonii Miers (As.sam — 
Inramjiduklia), a large woody climber with leaves 
3-6 in. long and i. 5-2.5 in. wide, is found in Sikkim 
and Khasi hills, up to an altitude of 3,(X)o-4,ooo ft. 
Fruits smooth, sub-oblique, drupacious, 1.5-2 in. long 
and 1--1.3 in. wide, borne solitarily or in bunches of 
2 to 4, on stout woody racemes up to 15 in. long. 
Fruits arc borne in April-May and ripe fruits which 
are juicy and blood-red in colour arc eaten by the 
local people (FI. Assam, 1 . 58). 

HAEMATOXYLON Linn. [Le^utninosae) 

A small genus of trees distributed in Central 


America and Africa. One species is cultivated in 
India. 

H. campechianum Linn. I^c;wood, Camrkachy Tree 

D.E.P., IV, 198 ; Benthall, 185. 

Hindi — Patang ; Benc. — Bokkan ; Tel. — Gahhi ; 
Kan. — Partanga. 

A small, rarely medium-sized, thorny tree with 
fluted or contorted trunk, often cultivated in Indian 
gardens for its delicate foliage and fragrant flowers ; 
it is sometimes grown as a hedge plant. Bark dark 
brown, jieeling in small flakes; leaves paripinnate: 
leaflets obovate or obcordate ; flowers small, yellow, in 
axillary racemes ; pods flattened, lanceolate, usually 2- 
sceded. The tree is propagated by seed and by cuttings. 

I'hc heartwood of H, campechianum constitutes 
the Logwood of commerce, which yields a well-known 
dye, or rather a scries of dyes of the darker tints, such 
as grey, violet, blue and even black. The colouring 
principle of logwood is haematoxylin, Ci,illi40ft. 
311^0 (present to the extent of 10%) which on mild 
oxidation gives haeinatein C,fiH,20,i, a dark violet 
crystalline body with a green metallic lustre. Chipped 
logwood is subjected to the ‘ageing’ process to faci- 
litate haematein formation. Logwood Extract pre- 
pared from imaged wood by arpicous exhaustion 
and concentration of extract in vacuum pans, and 
Haematein Paste, a treacly extract containing in 
suspension, minute crystals of haematein, are arti- 
cles of commerce, l^ogwood and its extracts are used 
for the dyeing of blacks on wool and silk and, to a 
limited extent, on cotton chiefly in conjunction with 
iron chromium mordants ; they can also be used for 
dyeing rayon and nylon. The tinctorial strength, 
and the evenness and the pleasing nature of dyeings 
are imjx)rtan*^ considerations in their use ; they do 
not cause any tendering. of fibre. Logwood is also 
used for dyeing leather, fur, jute, and bone and in 
the manufacture of inks. Haematoxylin is used as a 
histological stain, particularly for cell nuclei. Haema- 
tein in alcohol solution is used as an indicator for 
alkaloid titration (Thorpe, VII, 378-81 ; Trease, 423 ; 
U.S.D., 1955, 1710). 

In addition to haematoxylin, the heartwood con- 
tains tannin, resin, quercetin, traces of volatile oil, 
oxalic acid, and acetic acid (Wehiner, I, 51 1). 

Logwood is prescribed in the form of decoction 
and liquid extract as an astringent and tonic. "Its 
medicinal value depends on the presence of tannin. 
It is useful in diarrhoea, dysentery, atonic dyspepsia 
and leucorrhoea. An ointment prepared from the 
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wood is said to be useful in cancer and hospital 
gangrene. Chipped logwood of commerce is unfit for 
medicinal use (Kirt. & Basil, II, 886 ; U.S.D., loc. cit.). 

The sapwood is white or yellowish ; the heart wood, 
which has an agreeable odour and sweet astringent 
taste, ac(juires a reddish bright colour on exposure. 
The hcartwood is interlocked -grained and medium- 
to fine-textured, heavy (sp. gr., 1.057 ; wt.. 65 Ih./cu. 
ft.), very hard and strong hut brittle. It is diflicult to 
work by hand, bur can be finished to a smooth sur- 
face and takes a high polish. The wood is durable in 
contact with the ground and in exjxiscd positions. 
Its use as timber, however, is largely prevented by 
the irregular shape of the stems, though it is occa- 
sionally used for marf|uctry (Titmuss, 77 : Record 
& Hess, 278). 

The leaves contain quercetin, tannin, ellaglc acid 
and myricetin ; ethyl gallate, a mycobacteria-specific 
antibiotic, has also been isolated. The nectar from the 
flowers is sought by bees and yields honey of high 
quality (Wehmer, loc. cit.: BioL Ahatr,, 1953, 27 , 
2876: Burkill, I, 1125). 

HAGENIA J. F. Gmelin {Rosaccaa) 

D.E.P., I, 534 ; Bentley & Trimen, IT, 102. 

A monotypic genus represented by H. nhyssinica 
(Bruce) J. F. Gmelin syn. Brayera atuhchuintica 
Kunth : B. ahyssiniai Moq., indigenous to norih-easi 
Africa and the source of the anthelmintic drug, 
known as Brayera, Koitsso or Cusso, reported to be 
imported into Bombay. 

II. ahyssinica is a monoecious tree, 20-40 ft. high 
with large imparipinnatc leaves, paniculate inflores- 
cences and achenial fruits. The panicles of female 
flowers form the drug of commerce. They are collect- 
ed in full bloom, dried in the sun, and compressed 
into flattened bundles or cylindrical rolls (10-20 in. 
long X 2 in. diam.). Broken pieces of panicles are 
marketed as Loo.se Kousso and male flowers and 
fragments of leaves are often present in it. 

Kousso has a characteristic dull red colour with a 
disagreeable, bitter, acrid taste. It is usually adminis- 
tered in the form of an infusion, especially for the 
expulsion of tapeworm : it is ineffective against hook- 
worm, roundworm and whipworm. It is irritant to 
the mucous membrane and in large doses produces 
nausea, vomiting and colic. The plant is reported to 
possess marked nccrotising effect on sarcoma tumour 
(B.P.C., 1949, • Youngken, 418 : U.S.D., 1955, 

1607 ; Gains & Mhaskar, Indian /. mcd. Res., 1921, 
9 , 198 ; Biol. Abstr., 1953, 27 , 2105). 


The active constituent of kousso is kosotoxin, an 
amorphous, yellowish substance allied to lilicic acid 
and rottlerin. Other constituents of the drug are 
protokosin and kosidin, as well as tannin and resin 
(Wehmer, I, 457 ; Wallis, 156 ; B.P.C., loc. cit. ; Biol. 
Abstr., 1953, 27 , 1309). 

Hair Palm — see Chamaerops 
Hairy Willow Weed — .sec Epilobium 
Hai Tung Pi — see Erythrina 

HAKE A Schrad. {Rroteaceae) 

Bailey, 1949, 344. 

A genus of evergreen shrubs and small trees native 
of Australia. A few .species arc cultivated in Indian 
gardens. 

II. laurhm R. Br. is a tall tree-like shrub with 
elliptic-lanceolate leaves and strikingly handsome 
crimson flowers in globular clusters, reported to he 
grown in Nilgiris. It is likely to find favour in flower 
trade tis cut flowering twigs kee]> lor a long time in 
water. The leaves contain quebrachite, sucrose and 
two glucosidcs, one of which has been identified as 
arhtitin (Lushington, IIA, 612: Wehmer. I, 255; 
Chem. Abstr., 1919, 13 , 969). 

H. saligfia Knight is an ornamental .shrub, up to 
12 ft. high, with oblong-lanceolate leaves, small dense 
clusters of while fragrant flowers and rough woody 
capsules. It is reported to be cultivated as a hedge 
plant in Darjeeling and Nilgiris. The bark of the 
plant is rich in tannins (207^,) : flowers are cyano- 
genetic (Biswas, Rec. hot. Surv. India, 1940, 5, 419 ; 
Lushington, IIA, 612 ; Howes, 1953, 27S ; Webb. Bull. 
Conn. sci. indnstr. Res. Aitst., No. 232, 1948, 135). 

H. .scricea Schrad. syn. II. acieularis Knight is a 
conifer-like plant with needle-like leaves and axillary 
clusters of white or pinkish flowers, reported to be 
cultivated in Shillong and Nilgiris. It yields a gum 
which, when fresh, is soft and completely soluble in 
water, but turns into a hard, horny mass on drying. 
On hydrolysis, the gum yields /-arabinose (u/^.), 
d-xylose (8%), d-galactose (58%), d-mannose (7%) and 
d-glucuronic acid (870 A.ssam, IV, 107 ; Chattcr- 
jee, Sci. & Cult., 1949-50, 15 , 156 : Stephen, /. chem. 
Sac., 1956, 4487). 

HALICORES (Class, Mammalia ; Order, Sirenia ; 
Family, Dugongidae) 

D.E.P., III, 197 ; VI(4), 304 ; Fn. Br. Ind., Mamma- 
lia, 594 : Reese, 314 ; Sterndale, 133 : Prater, J. Bom- 
bay nat. Hist, Soc.^ 1928, 33 , 84, PI. 
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Sirctiidy tlic Sea Cows, Ix'long lo a small decadent 
order of sluggish, acjiiatic, vegetarian mammals, very 
su|K*rficially connected with whales and allied forms. 
They have probably evolved from a primitive swamp- 
dwelling common ancestor, which, on the one hand, 
gave rise to forms adapted to acpiatic life, the modern 
sea cows, and on the other, to terrestrial forms, the 
elephants. There are two living genera of sea cows, 
the Ditgoti^ (Ilalicorcs, Dugongs) and Manatus 
(Manatees) : only the former is represented in Indian 
waters. Halicores are known as sea cows because of 
the cow-like shape of their mii//le and the habit of 
browsing on underwater vegetation. Manatees belong 
to a closely allied genus resembling halicores in size 
and form, hut dilfcring from them in certain struc- 
tural features ; halicores are more marine in habit 
than manatees (Pycraft, 807 ; Regan, 729). 

'rhe Indian dugong, D/<go?/g duffoiig (Miiller), 
(^Pam. Kadalpudru), c. 9 ft. 6 in. l<»ng, is a coastal 
animal avoiding both open sea and freshwater. It 
lives in the warmer parts of the Indian Ocean, 
ranging from East Africa to Australia, about 15® on 
either side of the equator. It has been recorded from 
the salt water inlets of South Malabar, Konkan coast 
and, occasionally, round Dhanushkodi, Rameswaram, 
Pamban, Krusadi and Koipadu Islands between 
November and January. On the east coast, it is 
found in small numbers on the shores of ihe Gulf of 
Mannar and neighbouring islands and in larger num- 
hers on the shores of Andaman Islands. The niim- 
hers are progressively dwindling (Ellerman & Morri- 
son-Scott. 337). 

The dugong is a sluggish animal, 4 6 cwt. in 
weight, with massive plump body and heavy bones. 
Skin thick, tough, somewhat oily and sparsely 
haired ; colour slaty grey : body .separated from head 
by a short and indistinct neck ; nostrils with valves 
for closing them located on the top of the head ; 
posterior limbs absent, while the anterior pair is 
modified into paddle-shaped flippers for swimming : 
teats in female one pair under flippers ; tusks present 
only in male : eyes .small ; external car and dorsal 
fin absent ; tail flattened and expanded into a broad 
tail fin. The bones, unlike tho.se of whales, are heavy 
and enable the animal to sink to the l)ottom where 
it feeds on .seaweeds and aquatic plants. The animal 
comes up to the surface, at intervals, to breathe. It 
never leaves the water, but occasionally visits bays, 
estuaries and lagoons not far away from the sea. It 
is quite harmle.ss and is ea.sily killed by spearing 
(Thomson, 928-29 ; Pycraft, 806). 


The dugong uses flippers not only to direct the food 
to the mouth, but also to paddle and balance itself 
in water and in the ca.se of female, for holding the 
young to the breast. The animal gives birth lo one 
pup at a time, the gestation period being one year 
(Baker, M. & Bridges, W., 96). 

The flesh of dugong is delicious and is highly es- 
teemed by Muslims in coastal areas of India and 
Ceylon. Roasted flesh is indistinguishable from good, 
tough, beef steak. It has good keeping ([iialities and 
remains eatable up to 3 days even in hot climates ; 
salted and dried meat keeps longer. 

Dugong fat is used like butter and as a cooking 
medium. Dugong fat is extracted from the tissues by 
boiling with water, when it floats to the top and is 
skimmed off. A yield of 6 14 gal. per animal is obtain- 
ed. I'hc fat is free from any unpleasant odour and the 
refined product is clear and limpid. 'The following con- 
stants have been recorded for dugong fat from Austra- 
lia: sp. gr.[;;I, 0.9242 : .sp. gr.^jj;, 0.8622 : , 1.458 ; 

-0.12'': acid val., 0.3: sap. val., 204.7; iod. 
val. (Ilubl), 52.3 : and un.sapon. matter, 0.2% ; solid, 
pt of fatty acids, 34.6® (Clicm. Ahstr., 1926, 20 , 833). 

Dugong fat is u.sed as a substitute for cod liver oil. 
and several medicinal properties have been ascribed 
to it. It is rc|)orted to possess laxative properties. It 
is used for dysentery in Ceylon. The fat extracted 
from the head is used as a calmative in head- and 
ear-aches. It is used also in skin alfections and leprosy. 
The hone, particularly the skull hone, is used in 
powdered form in applications for ulcers. The powder 
made out of the last rib is reported to be used in lung 
complaints. The hide of .sea cow is tanned into leather 
and employed for roofing tabernacles in Israel and 
for making sandals for women. A decolourising char 
coal is prepared from the hones. Cigarette holders and 
rosaries are made from the tusks. 

Halite — see Salt 

HALOPHILA Thouars (Hydrocharitaceae) 

FI. Br. Ind., V, 663. 

A small genus of submerged marine herbs, found 
on the coasts of Africa, India, Australia and the 
Pacific Islands. Two species arc reported from India. 

II. (Wdlis Hook. f. syn. II. ovata Gaudich. (FI. Br. 
Ind. in part), a small herb with creeping stems, root- 
ing at iKxles and bearing membranous leaves, 2-2*^ 
in. long, occurs along the coast and in backwaters of 
Chilka lake (Oris.sa), S. India and Ceylon. //. ovahs 
is often washed ashore along with other seaweeds and 
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is used occasionally as manure in coconut and other 
plantations. On analysis, a mixture of the weeds, 
of which //. ovdlis formed the major component, 
showed the following composition — dry niaterial 
washed ashore : N, 0.7 ; K^O, 0.46 : pentosans, 3.g5 ; 
lignin, 9.14; ash, 53.72; insoluble ash, 42.05: and 
NaCl, 8.81%; P2O... traces; pentosan /lignin ratio, 
0.39. Compared to other seaweeds, this material is 
poor in maiuirial value ; further, it is resistant to 
decomposition in the soil, due to its low pentosan/ 
lignin ratio (Salgado & Chinnarasa, Tro/). Agricuh 
turist, 1936, 87, 385). 

HALOXYLON Bunge (C'howpodiaccae) 

D.E.R, IV, 199; C.P., 113 ; FI. Br. Ind., V, 15. 

A genus of shrubs or small trees with articulate 
branches, distributed chiefly from the Mediterranean 
region to Central and South Asia. Three species occur 
in India. 

/ 7 . recurvum Bunge is a tall straggling hush with 
small, fleshy ovate-subulate leaves and strict spikes 
of axillary flowers, found in Punjab, Rajasthan ami 
Coimbatore. The plant has been used as a source of 
crude sodium carbonate — Barilla or Sajjukhar, for- 
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HG. 2. HALOXYLON RBCURVUM-FRUITING BRANCH 



FIG. 3. HAMFLIA PATFNS-FIjOWERING BRANCH 

merly used for making soap and glass. For this pur- 
pose, the plants are cut at the time of flowering, left 
to dry for about a fortnight, piled in a heap and 
burned : the sap which cf»llects in a hole, prepared 
in the ground For receiving it, solidifies into a hard 
mass of sajjhkhar. The ashes of the plant are used by 
dhohies for washing clothes ; they are also given for 
internal ulcers. Though stated to he poisonous, the 
plant is used as fodder for camels : it is cut and sold 
for this purpose (Blatter ^ Ilallherg, /. Bombay nat. 
Hist. Soc,, 1918-21, 26, 968 ; Parker, 418-ig ; Kirt. cV 
Basil, III, 2089). 

H. multiflorum Bunge and //. salicortiicum Bunge 
are low, erect, almost leafless shrubs found in parts 
of Punjab and Rajasthan. They are used as adulter- 
ants or substitutes for II. recurvum. 

Hamadryad — see Snakes 

HAMELIA Jac(]. (Rubiaceae) 

Bailey, 1947, 11 , 1431. 

A genus of woody shrubs indigenous to tropical 
and subtropical America. One sj^ecies, //. patens 
facq. (syn. //. erecta Jacq.), has been introduced into 
India and is widely grown as an ornamental plant 
in gardens. It is a large, evergreen shrub, with den.se 
attractive foliage of greenish bronze leaves. Flowers 
orange-red, tubular, borne in profusion during hot 
and rainy seasons ; berries blood-rcd, edible. The plant 
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is easily propagated by ciillings ( 51 * by seeds. It stands 
pruning well and can be trimmed to any shape and 
makes a good ornamental hedge (Firminger, 29 ; 
Gopalaswamiengar, 270 ; Bor & Raizada, 97 ; Neal, 
699). 

The red flowers yield a mixture of two pentose 
glycosides, probably malvidin and petunidin, the 
former being the major component. A syrup made of 
the berries is said to be iisefid in dysentery. The 
plant is re|)orted to be poisonous (Sharma & Sesha- 
dri, /. sci. indust r. Res., 1955, 14B, 21 1 ; Williams & 
Williams, 183: Burkill, I, 1126). 

HAMILTONIA Roxb. [Rubuweae) 

A small genus of shrubs found in the Indo-Malayan 
region and China. One species occurs in India. 

H. suaveolens Roxb. 

D.E.R. IV, 2m; Kl. Br. Ind., Ill, 197; Bor & 
Raizadu, PI. 34 & 35. 

Tki.. — Kondamuriiidi ; Oriya — Jananrirgiri, 
tondi. 


l^rNjAB — Kanvra, muskei, hmtalii, tulenni ; Ku- 
MAON Padera ; Nepaf. — Bain chani[)a ; Buiak — Mcda 
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punp, jataini ba ; M.P. — Mahabal ; Bombay — Gidesa, 
gidasawa. 

A shrub up to 12 ft. high, found almost through- 
out India, ascending up to an altitude of 6,500 ft. ; 
the plant is also cultivated in gardens. Bark shining 
grey, peeling off in papery flakes ; leaves large, ellip- 
tic-lanceolate, variable, giving a foetid odour when 
crushed ; flowers blue or white, fragrant, in terminal 
branched panicles ; capsules ellipsoid. 

The plant is used by Mundas of Ranchi district 
(Bihar), along with mustard oil, as an application 
for wounds ; the bark is ground and rubbed on the 
body in puerperal fever. The root is given in diar- 
rhoea. An infusion of the root is given in cour- 
bature. The wood is dark grey, soft and porous ; it is 
reported to be used for making gunjwwder charcoal. 
The leaves are eaten by buffaloes (Bressers, 73 ; 
Maines, IV, 442 ; Kirt. & Basu, 11, 1300). 

Hangul (Hangal) — .see Deer 

HAPLANTHUS Necs (Acanlhaceae) 

FI. Br. Ind., IV, 506. 

A genus of herbs distributed in the Indo-Malayan 
region. Three species occur in India. 

//. verticillatus (Roxb.) Necs (Hindi — Kastula ; 
MAH.—Jliankara ; W. ]sDh\—Kala kirayat) is a herb, 
up to 3 It. high, with ovale, acuminate, long-petioled 
leaves and axillary whorls of dark lilac flowers sur- 
rounded by numerous spiny cladodes. It occurs in the 
hills of the Deccan Peninsula and in parts of western 
and central India. M, tcntaciilaius Necs is a closely 
related species occurring in similar situations and 
known by the same vernacular names. Both the 
herbs are repricd to be given in fever (Kirt. & Basu. 
Ill, 1887). 

HARDWICKIA Roxb. [Leguminosac) 

A small genus of trees distributed in tropical Asia 
and Africa. One species occurs in India. 

H. binata Roxb. 

D.E.P., IV, 200 ; FI. Br. Ind., II, 270. 

Sans., Hindi & Mar. — Anjan ; Tel. — Yepi, epe, 
naraepe ; Tam. — Avha, ailam, katudugu ; Kan. — 
Kamra, karachi, acca. 

Bombay Patsid ; Go^D^Cdihota-dundhera. 

T RADE — A njan, 

A handsome deciduous tree, up 10 120 ft. in height 
and 15 ft. in girth, with a clean cylindrical bole 
40-50 ft. in length, found in the dry savannah 
forests of the Deccan Peninsula, Central India and 



HARDWICKIA 
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parts of U.P. and Bihar. It is occasionally cultivated 
in the |)lains. Bark dark grey, rough, peeling off in 
papery Hakes; leaves alternate, hifoliolate: leaflets 
sessile, entire, ol)U(|uely-ovate, coriaceous ; flowers 
yellowish green, in lax panicles ; |>od strap-shaped, 
narrow at both ends with vseed near the tip. 

H. hijiata thrives in a dry climate and is capable 
of growing on dry shallow soil and rocky ground. 
Its best development is attained in {X)rous sandy 
loams and reddish gravelly sand overlying sand- 
stones, conglomerates, granites and schists. It is 
frost- and drought-hardy ; its rate of growth is rather 
slow, the mean annual growth increment being 
0.63 in. The tree coppices indifferently, but pollards 
well. It reproduces vegetatively by root suckers. 

The tree sheds its pods in May and seeds ger- 
minate at the commencement of the rains. The fac- 
tors favouring natural reproduction are: jwrosity 
and depth of soil, protection from sun in the early 
stages, and prevention from fire and grazing. Arti- 
ficial propagation is by direct sowing or transplant- 
ing, the former being more successful (Troup, II, 

H. binata yields an extremely hard, very heavy 
(sp. gr., 1.08 ; wt., 69 Ib./cu. ft.) and durable limber, 
known in the trade as Anjan. It is dark red to dark 
brown in colour with darker streaks, often with 
a purplish cast, dull with oily feel, irregularly intcr- 
locked-grained and coarse-textiired. It is difficult to 
air-season as it develops cracks ; water-seasoning with 


green conversion is recommended. The timber is 
durable and resistant to rot and white ants ; it is, 
however, liable to attack by borers. Untreated sleepers 
give an average life of 10-15 y<>"ars in graveyard 
tests. It is an extremely difficult timber to saw and 
work when seasoned. It can be turned and finished to 
a very smooth surface on the lathe (Pearson & Brown, 
I, 411, 413; Trotter, 1944, 1 1 1). 

The data for the comparative suitability of anjan 
as limber, expressed as percentages of the same pro- 
perties of teak, arc: wt., 125 ; strength as a beam, 75 ; 
stiffness as a beam. 60 ; suitability as a j)ost, 70 ; shock- 
resLsting ability, 125: retention of shape, 90: shear, 
145 : and hardness, 180. ft is a moderately good fuel 
wood (calorific value: sapwood, 4,891 cal., 8,804 
B.t.u. ; hvarlzvond, 4,952 cal., 8,915 B.t.u.) | imaye, 
Indian For. Rcc., N. S., Util., 1944, 3 (5), iS bidian 
For., 1948, 74 , 280 ; Krishna & Ramaswami, hidiau 
For. Bull., N.S., No. 79, 1932, i8|. 

Anjan wood is largely used locally for naves of 
cart wheels, oil mills. [)loughs. clod crushers and for 

."iim 
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FIG. 6. HARDWICKIA BINATA-FRUITING BRANCH 


HARDWICKIA 



F.R.I., Dfhra Dun. Photu : S. S. (ihosh 


FIG. 7. HARDWICKIA BINATA-TRANSVERSE SECTION 
OF WOOD ( X 101 

posts aiui hcains, mine props, bridges, wells, pontoons, 
oars and panpiet floors. It is used also for carving, 
turning and ornamental work. It is suitable for bench 
screws, lathe chucks, tool handles, sheaves of rope 
blocks, railway keys, lent pegs and brake lilock.s. It is 
used as a stihsritule for Lignum Vitae (Irom Guamcnm 
officinale) for hearings (IVarson cV Brown, I, 413 14 : 
Naidu, 74; I’roiter, 1944, iii). 

Destructive distillation of the wood gave the fol- 
lowing products; charcoal, 31.S : pyroligneous acid, 
41.4 (dry); tar, 5.9% : iion-rondensahle gas, 1.75 cn. 
ft. at NTP/ll). 'Fhe ash of the wood (2.58%) con- 
tained the following constituents (silica-free basis): 
iron (Fe./).,) 4 aluminium (AIjO;,), o. ii; calcium 
(CaO), 55.5 : magnesium (MgO), 2.48 ; potassium 
(KjO), 9.15; sodium (Na^O), 3.99: sulphur (SC).,), 
0.58 ; chlorine (Cl), 0.39 ; and phos[)hnrus (P2O-), 
2.29% (Kcdare & Tendolkar, /. .sc/, itidustr. Res., 
«953» 125, 217). 

The hark yields a red-brown libre used for well 
ropes and other agrictilfural purpo.ses. 'Fhe leaves 
arc used as cattle fodder and manure. The tree is 
often pollarded not only for the fodder and manure 
supplied by the leaves, but also for the fibre obtained 


from tbc young branches. Chemical analysis of the 
leaves gave the following values: moisture, 7.78 ; ash, 
9.14; protein, 10.79; 5.21 ; fibre, 28.21 ; carbo- 

hydrates, 38.87; lime (CaO), 4.10; and phosphoric 
acid (PaO;,), 0.24'^ (Trotter, 1940, 230 ; Troup, II, 
340 ; Ramiah, Hull. Dep. Agric. Madras, No. 33, 1941, 
* 7 )- 

Hardwickia pinnata — see Kingiodendron 

Hares — see Rodents 

Haricot Beans — see Phaseolus 

HARPEPHYLLUM Bernh. (Anaeardiaceae) 

Bailey, 1947, II, 1432. 

A small genus of dioecious trees native of S. Africa. 
//. caffrum Bernh. (Kafir Plum), a tall glabrous tree 
30 ft. high, has been introduced into India and tried 
in Nilgiri hills, Tinnevcily and Coimbatore districts 
of Madras State and Malabar district of Kerala. 
Leaves thick, lustrous, compound; fruit dark red, 
of the si/.e and shajK? of a large olive, with very thin 
[Hilp of subacid taste, edible ; wood hard and heavy. 
The fruit pulp contains citric and malic acids. The 
tree bark contains 18% tannin and is used as a 
tansiuff: it yields a soft pinkish red leather of good 
texture. A decoction of the bark is reported to be used 
by Zulus in S. Africa as an emetic and blood purifier 
(Lushington, IIA, 179; Watt & Breyer-Brandwijk, 
108 ; Howes, 1953, 279). 

HARPULLIA RoxI). (Sapindaeeae) 

A genus of trees distributed in the tropical regions 
of the Old World. Two species occur in India. 

H. arborea (Blanco) Radik, syn. //. imhricaia Thw. ; 
H. eupanioides Iliern (FI. Br. Ind.) in part, non 
Roxb. 

FI. Br. Ind., I, 692 ; Talbot, I, l-ig. 201. 

"Fam. — Nei-kollei ; Kan. Hidsa/e ; Mai .. — Chittila 
madakku ; Oriya — Rhutika. 

An ornamental tree, up to 60 ft. high, with a dean 
bole, found in Assam, Orissa and western ghats, 
ascending up to an altitude of 4 ,(kx) ft. Bark light 
brown; leaves pinnate, 6-18 in. long; leaflets ovate- 
elliptic, oblk|ue at the base, pale beneath, coriaceous ; 
flowers pale yellow, in lax panicles ; capsules pendu- 
lous, didymous, l)right orange ; seeds subglobose, 
black, aril late, one or two in each lobe. 

The fruit contains saponaceous matter and is used 
for washing purposes. The bark is used as a 
substitute for Entada pliaseoloides as hair wash ; it is 
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also used as tish poison. The fruit and the bark are 
used to prevent leech bites. The oil from the seeds is 
sometimes used as an antirheumatic (Brown, 1941, 

Ih 364). 

f/. ciipariioidcs Roxb. syn. H, cupminidvs Hiern 
(FI. Br. Tnd.) in part, is a closely related species 
found in parts of Assam and Andaman Islands. 

Hausmannite — sec Manganese Ores 

Hawthorn, English — sec Crataegus 

Hazel — sec Corylus 

HEDERA I Aim, {Araliaecac) 

A genus of climbing shrubs and small trees, com- 
monly known as Ivies, disirihuted in (he tcnnx!ratc 
regions of the Old World. One species occurs in 
India. 

H. helix C. B. Clarke (FI. Br. Ind.), non Linn.= 
II. ncpalensis Koch syn. II. hinudaica Tohler Nki*ai. 
Ivy 

D.E.P. , IV, 20s; FI. Br. Ind., II, 739 ; Kin. & Basil, 
PI. 486 B. 

1 IiNDi — I Mb la h . 

PuNjAB — Banhalkari, banda, kadloli, karbaru, kuri ; 
Kasiimik — Hari-bumbal, karmora, niandia ; Kuli^ — 

Kcrmi ; Jaunsar — Mithiari ; Kumaon Banda ; 

Nepal - ; Assam Mej-peosree. 

A large evergreen woody climber with stems some- 
times up to I ft. in diam., climbing by means of 
numerous advent itious rootlets, found throughout 
the Himalayas ascending to an altitude of io,(xx) ft. 
and in the hilly parts of Assam between 4,000 and 
6,(xx> ft. Leaves alternate, simple, very variable from 
linear-lanceolate to cordate-ovate ; those of vegetative 
shoots usually more deeply lobed than those of 
flowering shoots ; flowers yellowish green, poly- 
gamous, in globose pedunculate umbels ; berry 
globose (c*. 3 in. diam.), yellow or red ; .seeds 3-5, 
ovoid. 

Nepal ivy was, till recently, considered to be syno- 
nymous with the English ivy, H. helix Linn, and 
most Indian authors have not discriminated between 
the two in describing the uses. The ivy grown in 
Nilgiris for ornamental purposes is reported to he 
identical with the English ivy. 

Ivy was once greatly valued in medicine, but is 
now almost completely discarded. Leaves and l^erries 
are reported to be stimulant, diaphoretic and 
cathartic. 



Hot. Dep., Pres. College, Madras 
FIG. 8. HBDBRA HELIX-FLOWERING BRANCH 


Fresh leaves have a balsamic odour and bitter 
taste. In Kulu, they arc added to country beer to 
make it ‘strong’. A decoction of the leaves is applied 
externally to destroy lice in the hair. Leaves are re- 
ported to be poisonous when eaten and contact with 
them may cause dermatitis in some persons. They 
are eaien by cattle and no case of poisoning in ani- 
mals has been recorded (Kirt. 6 l Basil, II, 1235 ; 
U.S.D., 1947, 1475). 

An infusion of the berries is given in rheumatism. 
Ivy gum, a resinous exudate from the stems of old 
plants, is u.sed as stimulant and emmenagogue 
(Chopra et al., 523). 

Nearly all parts of the plant, leaves, berries and 
seeds, contain a-hederin (CialleftOn), a glycoside 
which on hydrolysis gives hederagenin (C..,„H,hO,), 
/-arabinose and rhamnose. They contain also other 
glycosides, propably saponins, which have not been 
characterised. Hederin is inten.sely haemolytic and 
acts as an irritant to the alimentary canal, causes 
vaso-constriction, lowers the blood pressure, slows 
the heart and may cause death by paralysis of respi- 
ration. The seeds contain a semi-drying oil (20-32%) 
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with the following characteristics : m.p., 25.3® ; sp. 
gr., 0.915 1 ; n, 1.4670 ; acid vaL, 1 i.o ; sap. val., 181.1 ; 
iod. val., 102.2 ; R.M. val., i.o ; and unsapon. matter, 
6.5%. The mixed acids (m.p., 23-24° ; iod. val., 97.2 ; 
mean mol. wt., 281.9) consist of palmitic, 5.1 ; petro- 
selenic, 62 ; and oleic and linolcic acids, 20% (U.S.D., 
loc. cit. ; Thorpe, VII, 72 ; Mcllroy, 66 ; Wehmer, II, 
869; Cheni. Abstr,, 1941, 35 , 3032; Chopra ct uL, 
524 ; Krishna et al., Indian For, Rec., N,S., Chem,, 
' 93 <>. 1 » 34 )- 

HEDGEHOGS, MOLES AND SHREWS (Class, 
Manitnalia ; Order, Insectivora) 

Hedgehogs, moles and shrews belong to an order 
of a little over 400 species of small, hut much diversi- 
fied, types chiefly confined to the Old World. They 
arc probably the most primitive among placental 
mammals. They are mostly terrestrial, but some are 
subterranean and a few arboreal. The majority feed 
on insects and worms, and at times, on snakes and 
scorpions also, while a few arboreal forms subsist on 
leaves. With few exceptions they arc nocturnal and 
can easily be identified by their pig-like nose. Their 
chief features are: pointed dentition; elongated 
skull ; and short, five-toed, plantigrade limbs resem- 
bling those of rodents. The order is divided into four 
families, namely, the Hedgehogs {Erinaceidae)^ the 
Moles (Talpidae), the Shrews {Soricidac), and the 
Tree Shrews (Tupaiidae ) ; all have their representa- 
tives in India (Jerdon, 49-50 ; Prater, 130 ; Sterndale, 
43 ; Thomson, 894-95). 

Hedgehogs (Family, Erinaccidae ; sub-family, Erina- 
L'cinae), 

D.E.P., VI (i), 398 ; Fn. Br. Ind., Mammalia, 212 ; 
Jerdon, 61 ; Prater, 132 ; Reese, 243 ; Sterndale, 48. 

Hindi — Kanta chua, kanderna, sink, 

Punjab — Kharpusht, jujiik. 

The hedgehog is a small mammal about the size 
of a guinea pig, with inconspicuous tail and a cover- 
ing of short, usually black and white, spines above 
and a short fur on the under parts. Eyes and nose 
are pig-like and easily distinguished from those of 
a bahy porcupine. 

Hedgehogs feed on insects and other small animals 
and arc nocturnal in habit, hiding themselves in 
holes or burrows under dense bushes excavated by 
their own efforts. When disturbed, they draw in 
their snout and limbs, and roll up into an iihpreg- 
nable ball with erect spines. Indian forms are known 
to hibernate. 


Two main genera of hedgehogs are known in 
India, viz., Hcmiecliinus Fitzinger and Paracchinus 
Troucssart. 

Hardwicke’s Collared Hedgehog, Hemiechinus 
auritus collaris (Gray) (Kutcu— sewra), in- 
habits the viry desert zones of Kutch and Rajasthan 
and the Punjab extending eastwards probably as far 
as Kanpur in U.P. The animal is unknown in hilly 
areas. It feeds mainly on insects, but is also known 
to eat lizards and snails. Its breeding hcibits arc not 
known (Ishwar Prakash, Proc, Rajasthan Acad, Sci., 
1956, 6 , 24). 

Anderson’s Hetlgehog, Paracchinus hypomelas 
hlanfordi (Anderson), is found in Punjab. Little 
information is available on its habits. Pale Hedgehog, 
P. micropus (Blyth) (Tam. — Molln-ycUi) occurs in 
Punjab, Rajasthan, Kutch, Kathiawar, Palanpur 
and in Madras, Tiruchirapalli, Coimbatore and in 
the eastern slopes of Nilgiris towards the base. P. m, 
micropus (Blyth) is confined to Ratangarh and Jhim- 
jhunu in Rajasthan and Punjab ; it has been also 
recorded from 'riruchirapalli and Coimbatore dis- 
tricts in Madras. P. m, nudiventris (llorsficld) 
rc.scmbles the pale hedgehog in colour and is restrict- 
ed to the plains of S. India (Ellcrman & Morrison- 
Scott, 24-9 ; Wroughton, /. Bombay nal. Hist. Sac., 
1910, 20 , 80 ; 1912, 21 , 832 ; Daya Krishna Ishwar 
Prakash, ibid., 1955, 53 , 39). 

Hedgehogs are not considered to be of much eco- 
nomic value, although their feeding on insects and 
worms is beneficial to agrinilturc. They are some- 
times eaten as food after roasting. In Punjab, the 
flesh is said to be pounded with ghee into an oint- 
ment for application to chronic ulcers. Exposure to 
fumes emanating from the burnt spines is believed to 
relieve pain due to haemorrhoids. The fat of the 
hedgehog is used as an external application for 
rheumatic swellings. 

Moles (Family, Talpidae ; sub-family, Talpinae) 

D.E.P., VI (i), 397 ; Fn. Br. Ind., Mammalia, 222 ; 
Jerdon, 50 ; Prater, 133 ; Reese, 242 ; Sterndale, 43. 

Sausage-shaped animals with very short limbs 
and tails and possessing sharp, cusped cheek teeth 
without modification in front teeth, as in shrews. 
Eyes and ears not noticeable ; dentition primitive 
with six small and sul>equal incisors above and be- 
low, and a tusk-Jike upper canine. Except for a few 
members, which are adapted for aquatic habits, the 
family consists mainly of subterranean forms. 

The mole is a miracle of specialisation for 
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underground life. Its limbs function as shovels for 
scooping out the earth loosened by its powerful 
snout ; the eyes are degenerated to mere vestiges. It 
can tunnel through the earth at a speed of 10-12 ft. 
an hour, leaving mole hills behind to mark the areas 
of operations. It is most efficient in capturing earth- 
worms and insect larvae and it needs more than its 
own weight of worms and grubs every day to keep 
itself alive. It sometimes feeds on snails, slugs, mice, 
shrews and frogs (Huxley, J. & Suschit/ky, 25). 

Little is known regarding its breeding habits. 
Usually 3 -4 young are born, the gestation period be- 
ing six weeks. 

The Short-tailed Mole, Talpa mkrura micrura 
Hodgson (Lfjpcua -Pariam ; Bhutia 
t\em\ inhabits western Himalayas, Nepal, Sikkim, 
Khasi hills, Mikir hills and the hills south of Assam, 
ft is about 5 in. long with tail c. inch in length : 
fur velvct-likc, steely black (brown in dried skins) ; 
snout and feet flesh-coloured. It does not usually form 
mole hills. 

'rhe White-tailed Mole, T. micrura Icucura Blyth 
{KuAfii -Kyndaty is abundant in Darjeeling, Khasi, 
Jaintia and Naga hills (up to lo.otx) ft.), and in 
southern Assam. They are smaller than the short- 
tailed species, with brown fur, short muzzle and club- 
shaped tail with long white hair. They emit an offen- 
sive smell when handled or confined in a box (Eller- 
man & Morrison-Scott, 39-40 ; Wroughton, /. Bom- 
bay nat. Hist. Soc., 1916, 24 , 480, 779 : Hinton & 
Lindsay, ibid., 1926, 31 , 390). 

The skins of moles are used as furs. The animals 
are sometimes eaten. They are useful in aerating and 
turning up the soil. 

Shrews (Family, Sorkidac ; sulhfamily, Soricinae). 

D.E.P., VI (i), 397 ; Fn. Br. Ind., Mammalia, 227 ; 
Jerdon, 52 ; Prater, 134 ; Reese, 242 : Sterndale, 44. 

The shrews constitute the most numerous and 
widespread family of inscctivores. They arc small 
and mouse-like in appearance with long and [winted 
snout ; eyes small ; ears rounded ; coat soft and 
silky ; tail with short hair : teeth distinctive : two 
large, pointed and rather hooked incisors in the 
jaw and two large, but slightly incurved, in- 
cisors opposing them in the lower: other incisors and 
canines found only in the upper jaw. When dis- 
turbed, shrews emit an unpleasant musky odour, 
emanating from the secretion of glands on the sides 
of the body found only in males. One to three young 
arc born at a time. Generally shrews are more short- 


lived than rats. Economically they are not of much 
value except that they are insectivores. 

Shrews of 10 generic types with some 80 species 
arc known to occur in India. Five species arc note- 
worthy ; they are; the House Shrew, Suncus murk 
PIUS caerulescetis (Shaw) (Hindi — Chachupidar ; Kan. 
— Sotuleli ; Mai .. — Kondeli ; Kashmiri — A uachiwa- 
gagur) ; Savi’s Pygmy Shrew, S. etruscus perrotteti 
(Duvernoy) ; the Sikkim Large-clawed Shrew, Sork 
cuius piigrcscepis nigrescctis (Gray) (Lkpciia — Tupig- 
zhiiig; Bhutia -Thig-ziug) ; the Himalayan Water- 
Shrew, Chipnmarrogalc platyccphala hmialayica 
(Gray) (Lepcha — Ung-lagniyu ; BiiimA — Chupitsi) ; 
and Szechuan Water Shrew, Nectogalc clrgaus sikhk 
ppicnsis dc Winton & Styan (Lepcha — IJpig-cloh ; 
BiimiA — Chupichi) (Ellerman & Morrison-Scott, 58, 
65-8, 88^). 

Tree Shrews, Tupaias (Family, Tupaiidac ; sub- 
family, Tupaiinae). 

Fii. Br. Ind., Mammalia, 207 ; Jerdon, 64 ; Prater, 
131 ; Sterndale, 52. 

The tree shrew is a combination of a shrew and a 
squirrel with shrew-like snout and ears, and squirrel- 
like body, limbs and tail, feet resembling those of 
scjuirrel with naked soles, long toes and supple, 
moderately curved claws well adapted for climbing 
trees. They busily move about on the ground in 
search of food, which consists of insects, small 
mammals, birds and, at times, fruits. Three young 
ones arc born at a time : little is known about their 
breeding habits. Economically tree shrews are of no 
particular importance. 

Three species of tree shrews belonging to genera 
Anathapia and Tupaia, occur in India. To the former 
belong three forms of the Madras Tree Shrew (Tam. 
— Mutighil Afiathapi), viz., Anathapia (dlioti cllioti 
(Waterhouse), A.e. wroughtopii Lyon and A.e. pallida 
T-.yon. Similarly fotir forms are known of the 
Common Tree Shrew, viz., Tupaia glis chiuvnsis 
Anderson (Lepcha — Kallitong-zipig), T.g. assappicpisis 
Wroughton (Garo — Afad ; Khasi — Kmud), T.g. ver- 
surae Thomas (Mishmi — A'chuhua) and T.g. lepcha 
Thomas (Lepcha — Ting-zhmg). The Nicobar 'Free 
Shrew belongs to Tupaia uicoharica Piicobarica (Zele- 
bor) (Ellerman & Morrison-Scott, 10-12). 

HEDYCHIUM Koenig (Zingiberaceae) 

A genus of herbs, sometimes epiphytic, commonly 
known as Gincer Liue.s, distributed chiefly in 
tropical and sub-tropical Asia. Some of them are 
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cultivated for their ornamental foliage and sweet 
scented flowers. Some yield fibre suitable for paj^er 
manufacture. About 30 species occur in India. 

Ginger lilies are propagated by divisions of 
rhizome and grow like cannas. They require a rich 
soil with plenty of water and, occasionally, liquid 
manure. Swampy ground on the sides of drains and 
moist semi-shady situations are well suited for them 
(Gopalaswamiengar, 492). 

H. coronarium Koenig Common Gingkr Lii.y, 

Garland Flowkr 

FI. Br. Ind., VI, 225. 

A stout perennial herb, 3-7 ft. in height, occurring 
throughout the moist parts of India up to an altitude 
of 7,(X)o ft. • Rhizome horizontal, fleshy, 1-2 in. 
thick, bearing erect leafy shoots : leaves large with 
long clasping sheaths, sessile, distichous, oblong- 
lanceolate, acuminate, more or less glabrous beneath ; 
flowers in terminal spikes, white, showy, fragrant, 
imbricated by broad bracts ; capsule oblong, glah- 
rotis ; seeds many, arillate. 

The plant is commonly grown in gardens and suc- 
ceeds best in rich deep soil with abundant supplies 
of water. Experimental planting carried out in the 
Forest Research Institute, Dehra Dun, with a view to 
study its possibilities as a raw material for paper- 
making has shown that the rhizomes root readily 
provided there is sufficient water in the soil. Rhizomes 
from the previous year generally sprout with the 
advent of summer rains and the plants grow vigo- 
rously in warm and moist weather. Flowering com- 
mences about the middle of September after which 
the growth declines and the leaves turn yellow. Plants 
are in full flower during the first half of October 
after which they fade. Stems arc ready for harvesting 
in the beginning of November. A yield of approxi- 
mately ij/i tons of dried stems per acre in the open 
and 2 j 4 tons per acre under the .shade of Casuarina 
plants may he expected (Dahral, Ituiian For., 1946, 
72 , 118). 

The aerial stems constitute a useful raw material 
for paper manufacture. Dried whole stems contain 
43% cellulose, while those passed through crushing 
rollers before drying contain 48% ccllulo.se ; the 
length of the ultimate fibres averages 2.61 mm. and 
the pith cells average o.i i mm. in diam. Dres.sed fibre 
free from green stems posses.scs tensile strength 
comparable to that of the best manila binder twine. 
Stems passed between crushing rollers prior to dry- 
ing form a convenient material for the preparation 


of pulp by the soda process. The yield of pulp, in- 
cluding pith cells, is 60% ; pith cells can he removed 
by washing, when the yield of fibre is 50% on the 
weight of the raw material. The presence of pith 
cells in the pulp confers on the paper produced, 
parchment-like properties and renders the paper ink- 
bearing without the addition of any sizing material ; 
also the paper produced has exceptional strength, 
elasticity and folding qualities. On the other hand, 
papers made from Hedychiiim stems from which 
these cells arc removed arc of a soft nature and 
medium strength. Dried whole stem specimens (not 
crushed Ixitween rollers prior to drying) from the 
Botanic Garden, Sihpur (Calcutta) have also been 
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tested for their suitability as raw material for paper- 
making. The yield of unbleached paper was report- 
ed to be 32.5%. The material boiled down readily, 
was easily beaten to pulp, drained and felted well 
when made into paper, and had good wet strength 
after couching. The waterlcaf was not ink-proof 
which showed that the stem juice, which had not 
been pressed out, had some effect on the natural 
constituents which gave Hedychium fibre the pecu- 
liar self-sizing quality. Trials carried out at the Forest 
Research Institute, Dehra Dun have also given 
promising results. The yield of paper was 52.4% on 
the air-dry weight of the material and the paper 
possessed remarkahly high resistance to folding and 
hreaking length {Ki^^v 1912, 374: 1914. 165; 

Chem. Ahstr,, 1912, 6, 3017 ; 1913, 7 , 889: Diihral, 
loc. cit.). 

The rhizomes contain starch which is similar to 
arrowroot starch. Analysis of rhizomes from the 
Philippines gave the following values;- starch, 3: 
glucose, 4.58 ; alhumen, 1.65 ; fat, 0.33 ; resinous acid, 
3.66 ; resin, 5.93 : extracted matter, 0.91 : gums, 
13.75 ; organic acid, 5.5 ; and cellulose, 29.6% (liort. 
Ahstr,, 1953, 32 , 137). 

Air-dried rhizomes, on steam-distillation, yield 
0.124% volatile oil with the following characteris- 
tics; sp. gr.'"*‘, 0.821 : 1.4625 ; fa];’", -2° ; iod. 

val., 108.9 ; acid val., 2.8 : and ester val., 17.27 (after 
acetylation, 74.71). The oil contains 16% of aldehydes 
and other compounds soluble in sodium sulphite : 
phenols and sesquiterpenes are also present {Chem. 
Abstr., 1941, 35 , 4916). 

The flowers are used as a source of perfume in 
Hawaii. They contain 0.023“0.029% ethereal oil (sp. 
gr., 0.869 ; fit]j^ , —0.47°) with a pleasant but delicate 
flavour (Neal, 215; Gildemeister & Hoffmann, IT, 

276). 

The plant is reported to be used in Hawaii as a 
remedy for foetid nostrils. The rhizome is ground 
and used as a febrifuge l)y the Mundas of Ranchi 
district (Bihar). A decoction of the rhizome is 
considered antirheumatic, tonic and excitant ; in 
Moluccas, it is used as a gargle : the ba.se of the 
stems is chewed and the juice obtained is applied to 
swellings (Bushnall et aL, Pacif. Sci., 1950, 4 , 167 ; 
Burkill, T, 1129; Otiisumbing, 192: Brc.sscrs, 150: 
Hort, Ahstr,, 1953. 23 , 137). 

H. spicatum Buch.-Ham. Spiked Ginger Lily 

D.E.P., IV. 207 ; FI. Br. Ind., VI, 227. 

Sans, — Karpurakachali, gandliashati; Hindi, Beng., 


Mar. & Giij. — Kapurakachari ; Tam. — Shimai-kich- 
chilik-kishangu ; Kan. — Gandhashati. 

Punjab & Kumaon Hills — Slicdttri, sitntli. 

A perennial rhizomatous herb, c. 3 ft. high, occur- 
ring in parts of western and central Himalayas at 
altitudes of 3,500-7,500 ft. It closely resembles H. 
coronarium, hut the leaves are glabrous beneath and 
the white ascending flowers are borne in dense termi- 
nal spikes. 

The rhizomes possess strong aromatic odour and 
hitter camphoraccous taste. They arc an article of 
commerce (Indian Bazaar — Kfipurkacluiri ; Bengal — 
Ekatigi) and arc sold in the form of slices (0.5 
inch or less in diam. and up to 0.25 inch in 
thickness). They are white and starchy within, 
covered by rough reddish brown bark, with rootlets 
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attached here and there. Kapurkachari is employed in 
the preparation of Ahir, a fragrant coloured powder 
used during the Holi festival and in religious cere- 
monies. The rhizomes arc also considered to have 
insect-repelling pro|Xjrties and arc used for preserv- 
ing clothes. They may be employed as an auxiliary 
in dyeing to impart a pleasant smell to fabrics ; in 
some parts of North India, they arc used with henna 
to produce perfumed cloth known locally as tnalagiri 
cloth. Pounded rhizomes are reported to be used also 
for perfuming tobacco. 

The rhizomes are stomachic, carminative, stimulant 
and tonic, and are used in dyspepsia in the form of 
powder or decoction. They enter into the preparation 
of cosmetic powders used for promoting hair growth. 
They are used in Bengal, after frying and mixing 
with other ingredients, as chars or perfumed baits for 
fish. They are much used in veterinary medicine 
(Nadkarni, T, 608 : Dastur, Useful Plants, 122 ; Tayal 
tV Dutt, Proc. nat. Acad. Set. India, 1940, lOA, 47). 

The dried rhizomes of commerce on sieam-distil- 
latioh yield c. 4% of an essential oil with the 
characteristic odour and pungent taste of the rhi- 
zome, It contains as its principal constituent 
(67.8%) the ethyl ester of p-methoxy cinnamic acid 
(Cjalli jOg ; m.p., 49-50®). The original oil and the 
oil from which the ester has been removed through 
crystallisation have respectively the following charac- 
teristics: sp. gr.’"*, 0.8824, 0.8910; 1.4784, 

1.4810: and sap. val., 180.4, 115.4 (after acetylation, 
195.4, 125.9). Besides the ester, the essential oil con- 
tains: ethyl cinnamate, 10.2 ; d-sabinene, 4.0-4.2 ; 1,4 
cincole, 6.0 ; sescjuiterpcne (probably cadinenc), 5.5 ; 
sesquiterjiene alcohols, 4.7 ; and unidentified sub- 
stances, 1.8%, with some pentadecanc (Ci^Haa) and 
traces of cinnamaldehyde. The oil may be used as a 
perfume for soaps, hair oils and face powders and as 
incense (^Payal & Dutt, loc. cit. : Dymock, Warden 
& Hooper, III, 419; Finnemore, 182 ; Wehiner, I, 
179 : Cshem. Abstr., 1940, 34 , 6015). 

Besides the essential oil, the rhizomes contain 
starch (52%), organic acids including resinic acid, a 
glycoside, and ash (4.6%) (Wehraer, I, 179). • 

The leaves are woven into mats. The dried fruit 
is reported to be added to soften meat and pulses 
during cooking. 

H. flavnm Roxb. syn. H. coronarium var. flavum 
Baker (FI. Br. Ind.) (Yellow Cin(;ek Lily) is a 
coarse perennial herb, closely allied to H. coronarium, 
bearing delicate yellow fragrant flowers during the 


rainy months. It has been recorded from the valleys 
near Sylhet and is grown in gardens. 

The flowers yield 0.05 to 0.07% of a dark maroon- 
brown- wax-like concrete (m.p., 37°; acid val., 20; 
ester val., 98) with a strong spicy odour. It gives 
50-57.8% of a thick oily al)solute of dark orange- 
brown colour and a hard brownish black wax (m.p. 
variously re|x»rted as 43-44° and 60 61°). A straw 
yellow oil has been obtained on steam-distillatif)n of 
the concrete (yield, 19%) and the absolute (yield, 
18.8%). This oil has the following characteristics: 
sp. 0.9525 ; n , 1.4936 ; |aln. -9-6‘’° : val., 

8.3 ; and ester val., 54.6 : phenols, 23.3% (by vol.) ; 
methoxyl content, 5.12%. The oil contains etigcnol, 
benzoic acid, linalool, linalyl acetate and methyl 
anthranilate ; a product with an acetophenone and 
cuminaldehyde-like odour has also been isolated. 
The oil is used in high grade perfumes to impart 
heavy and exotic tonalities (Guenther. V, 132 ; Naves 
& Mazuyer, 185 ; Naves & Ardi/io, Per jinn, cssrnt. 
Oil Rec., 1952, 43 , 231). 

HEDYOTIS I dim. (Rubujceae) 

A genus of herbs and shrubs distributed in the 
tropical and subtropical regions of the world. About 
.seventy s{)ecie8 occur in India, some of which are 
used in medicine. 

H. auricularia Linn. syn. Oldnilandia auricidaria K. 
Schum. 

D.E.P., IV, 208 ; FI. Br. Ind., Ill, 58. 

Beng. — Multin-lala. 

Bombay — Dapoli ; Madra.s — Kudal-churiki. 

A prostrate or suberect annual, occurring in the 
north-eastern parts of India and the Dcccan Peninsula, 
leaves sessile or shortly stalked, ovate or lanceolate, 
acuminate : flowers small,. white, in axillary cymes ; 
capsules globo.se, hard, indehiscent, crowned by 
persistent calyx. 

The herb is a popular remedy in early cholera, 
diarrhoea, dysentery, colitis and other abdominal 
complaints. It is administered in the form of extract 
or decoction, or a bolus made from fresh leaves. In 
Konkan, the herb is employed as a prophylactic 
against enteric fever. A paste of the leaves is consider- 
ed emollient and applied to abscesses and wounds. 
The plant is also reported to be used in deafiiess. In 
Ceylon, boiled leaves are eaten with rice (Dasttir, 
Medicinal Plants, 13 1 ; Chandrasena, 12 1). 

The stems and roots contain an unstable alkaloid 
hedyotine (CioHj^OaNa), a crystalline alkaloid 
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auricularinc (C^aH^r.ONr, ; in.p., 201^) and some 
amorphous l)ases ; the total alkaloid content is 0.29%. 
Other constituents reported to he present are: fatty 
matter yielding on saponification sjearic and linoleic 
acids, a phytostcrol (m.p., 141-42'’), alizarin, 

oxalic acid, glycosides, reducing sugars, colouring 
matter, tannins and albumin (Rjitnagiriswaran & 
Venkatachalam, J. Indian chem. Soc.^ 1942, 19, 389; 
Wehmer, suppl., 100). 

H. biflora (lann.) Wight & Arn, syn. Oldenlandia 
paniculata Bunn. f. (FI. Br. Ind.), non Linn. ; O. 
biflora Linn. 

FI. Br. Ind., Ill, 69, 70 ; I'l. Madras, 602. 

Hindi — Daman-papra ; Beno. — Kliet-papra, 

An erect or diffuse glabrous annual, found in north- 
east Imlia and Carnatic coast. Branches 4-angled or 
winged ; leaves thin, elliptic, subacute ; flowers white, 
in terminal or axillary, fcw-flowcrcd cymes ; capsules 
turbinate. 

The plant is usetl in remittent fever, gastric irrita- 
tion and nervous depression* (Kirt. & Basil, II, 1266). 

H. corymbosa (Linn.) [.am. syn, Oldenlandia corym- 
busa Linn. 

D.E.P., V, 480: FI. Br. Ind., Ill, 64. 

Sans. Kslictraparpata ; Hindi — Datnathpapar, 

pilpapraf ; Beng. — Khet-papra ; Mar. -Khet-papda, 
paripat ; (iuj. — Khet-papra, parpat ; Tel. — Verinclla- 
vemu ; TaxM. — Parpadagam ; Kan. — Kallasabatra- 
sige, 

Nepal Piriengo, 

A spreading, siifiruticose annual, up to 15 in. high, 
frecjuently met with in fields throughout India, usual- 
ly during the rainy season. I^’aves small, linear or 
narrowly elliptic-lanceolate, often with recurved mar- 
gins ; flowers white, 1-3, rarely 4, in axillary pedun- 
culate cymes ; capsules globose, pyriform or some- 
what didymous. 

The plant is considered to possess cooling, febri- 
fugal, pectoral and stomachic properties. It is usually 
administered in the form of a decoction in rerniitcnt 
fever with gastric irritability and nervous depression 
caused by deranged bile. It is also given in jaundice 
and diseases of the liver and as a cure for heat erup- 
tions. The juice of the plant is applied to palms and 

* 'Hiis species and the allied //. corymbosa, H. diffusa and 
//. herbacea do not seem to be much discii ruinated in their 
medicinal uses. 

t The name Pitpapra appears to be a misnomer. The genuine 
Pitpapra is the fumitory, Fumaria spp. (q.v.). 
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soles to relieve the burning sensation in fevers. The 
plant is also used as an anthelmintic. In Philippines, 
the plant is boiled in water and the brew' used as 
mouth wash in toothache (Kirt. & Basil, II, 1264 ; 
Quisumbing, 921 ; Fox, Philipp. J. Sci., 1952, 81, 341). 

The cooling property of H. corymbosa is attributed 
to the presence of inorganic salts (ash cfintent, 
13.76%). The air-dried plant contains 0.12% alka- 
loids, biflorinc (C17II17H4N ; white, crystalline, m.p., 
206®) and biflorone (Ci7lIi;.()4N ; yellow, crystalline, 
m.p., 98®) ; the alkaloids are interconvertible. In 
stored plants, the concentration of biflorone increases 
at the cost of biflorine ; plants stored for 3- 4 years 
do not contain any alkaloids (l)ymock. Warden & 
Hooper, II, 199 ; Chauhati & Tiwari, /. Indian chem. 
Soc., 1952, 29, 386 ; 1954, 31, 741). 

H, herbacea Linn. syn. Oldenlandia herbacea 
Roxb. ; O. heynii R. Br. 

FI. Br. Ind., Ill, 65 ; Fyson, II, Fig. 216. 

An erect, much-branched, glabrous annual or 
biennial, found in hilly districts almost throughout 
India up to an altitude of 5,500 ft. Leaves sessile, 
linear-lanceolate ; flowers small, solitary or in pani- 
culate axillary cymes ; capsules subglobose, some- 
wluit didymous. 

The plant is used as a bitter tonic and febrifuge. 
Its extract or decoction has been reported to he use- 
ful in the treatment of malaria. A decoction of the 
herb is also used for bathing rheumatic patients and 
the powdered herb is administered with honey for 
rheumatic fever and swellings. The herb is boiled in 
oil and the oil used in elephantiasis and pains in the 
body. The leaves arc employed as exjx;ctorant in 
asthma and consumption. The root bark is used as a 
dyeing material (Bressers, 75 ; Kirt. & Basil, II, 1265 ; 
Rama Rao, 205). 
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H. scandens Roxb. syn. Oldcnlandia scandem K. 
Schum. 

FI. Br. Ind., TIT, 57. 

Nepal — Bokri lahara ; Assam — Bliedeli lot. 

A slender woody climber, found from Nepal to 
Assam up to an altitude of 6,000 ft. leaves opposite, 
oblong or elliptic-lanceolate, 2.75-4.25 in. x 0.65-1.5 
in., sub coriaceous ; flowers white, later turning 
creamy, in axillary and terminal, puberuloiis cymes ; 
capsules small, globose. 

The leaves of the plant are eaten ; they are also 
used as a green dye by Ix*iK:has. The plant is used in 
eye diseases and troul)les following child birth. The 
root is used for sprains. The capsules are used in 
North Bengal for blackening teeth (Cowan & Cowan, 
77 ; I"l. Assam. ITT, 38). 

'Fhe plant contains a glycoside and two crystalline 
compounds, ail related to rotenone, and active as lish 
poisons. A crystalline yellow substance, which is in- 
active as fish poison, has also been isolated (Ameen 

Ahmad, Broc. Pakist. Sci. Conf., 1953, pt ITT, 119). 

Uses more or less similar to those of //. scandvm 
have been ascribed to //. capitcllata Wall, ex G. T^on, 
a species found in China, Malaya and Burma, and 
also recorded from Manipur in Assam. Its occurrence 
in Darjeeling and the Terai area seems to he a case 
of mistaken identity for IL scandens, 

H. umbellata (Linn.) I^am. syn. Oldenlatidia umbel’ 
lata Linn. Chay-root, Inoian Madder, 

D.K.P., V, 481 ; C.I\, 821 ; FI. Br, Ind., Ill, 66; 
Kirt. & Basil, I’l, 492A. 

Hindi Cliirval ; Beno. & Oriya — Surbuli ; Tkl. — 
Cheriveru ; 'Fam. Cliiruvery imburaver, saya<ver ; 
Mal. -Chayaver, 

A ditrusc, somewhat woody annual or biennial up 
to 10 in. high occurring from Bihar and Orissa to 
"Fravancore. Branches more or le.ss angular and 
rough ; leaves small, often fascicled, sessile, linear, 
acute ; flowers minute, white, in 3-7 flowered umbel- 
late cymes or sometimes axillary ; capsules small, 
globose, didymoiis. 

The leaves and roots are considered expectorant 
and used in asthma, bronchitis and consumption, A 
decoction of the leaves is used as a wash for poison- 
ous bites (Kirt. & Basil, IT, 1265 ; Chopra, 494). 

The root l)ark, preferably of two year old plants, is 
the source of Chay-root dye, once employed with mor- 
dants for imparting red colour to calico, wool and silk 
fabrics. The plant was extensively cultivated on the 
Coromandel coast. Small quantities of chay-root were 
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also exported to EurojXi but they did not meet with 
much favour in foreign countries, probably because 
the bark deteriorated in the dark and damp holds of 
ships during transit. The colours obtained by chay- 
root are similar to those given by madder (from 
Rtibia tinctorum Linn.), but the former possesses 
only about half the dyeing power of madder. The 
colouring matter is located almost entirely in the 
bark. Chay-root resembles madder in that both con- 
tain alizarin, ruhichloric acid and ruberythric acid. 
There are marked differences in other constituents ; 
purpurin and purpuroxanthin carboxylic acid whicli 
are prc.sent in madder are almost entirely absent in 
chay-root. Considerable quantities (c. 1%) of yellow 1 
crystalline substances are present in chay-root; they | 
include alizarin a-mcthylcther, acetylalizarin a- 
mcthylcther, anthragallol dimcthylethers, hystazarin 
monomcthylether and »n-hydroxyanthra^JuirrQne 
(Perkin & Everest, 36-40). 

H, cosiata (Roxh.) Kurz syn. H, vestita R. Br. is a 
stout, diffuse lierb with lanceolate leaves and axillary 
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C'ymes of flowers, occurring in Sikkim and Assam, 
ascending up to an altitude of 5,000 ft. A decoction 
of the root is reported to be employed in Malaya as 
a lotion for rheumatism (Burkill, I, 1130). 

H, diffusa Willd. syn. Oldcnlandia diffusa Roxb. 
is a diffuse annual with linear leaves and usually 
solitary white flowers, occurring throughout the 
greater part of India. The powdered herb or its de- 
coction is used for general weakness, biliousness, im- 
pure blood, excessive thirst and heat, fever and 
gonorrhoea. In Philippines, a brew of the plant is 
used as mouth wash in toothache (Kirt. & Basu, II, 
1267 ; Rama Rao, 205 ; Fox, loc. cit.). 

tL fruticosa Linn. syn. Oldenlandia frutkosa K. 
Sebum, is a much-branched shrub with narrowly 
lanceolate leaves and axillary cymes of white flowers, 
occurring in the hills of Travancorc. The wood is 
slender, straight, white in colour and light. It is much 
used for temporary fencing of village gardens and in 
the construction of mud walls. Due to its straightness 
and regular cylindrical form, it is recommended for 
use as umbrella handles. A decoction of the leaves of 
the plant is reported to be used in Ceylon for in- 
llamed eyes (l-.ewis, 22^). 

IL glabra R. Br. is a diffuse glabrous herb with su\y 
sessile, lanceolate, membranous leaves and axillary 
pedunculate cymes of small flowers, recorded from 
some parts of Bengal and Assam. A decoction of the 
herb is used as a blood purifier. In Malaya, the herb 
is employed in the preparation of poultices for head- 
aches and stomachaches. Mixed with a little ginger 
and salt it is used for incipient sores (Burkill, I, 1131). 

H. hispida Ret/, syn. IL verticillata Lam. ; Olden- 
landui hispida Benth. is a diffuse, scabrid herb with 
lanceolate or linear leaves and small white flowers, 
occurring in the outer Himalayas and north-eastern 
parts of India. A decoction of the herb is given in 
tlysentery. The plant is also employed in the prepara- 
tion of poultices for headaches and stomachaches 
(Burkill, I, 1131). 

H. nilida Wight & Arn. syn. Oldenlandia nitida 
Gamble is a slender prostrate or ascending annual 
with angular branches, lanceolate leaves and small 
white or pink flowers, occurring in the south-western 
parts of the Deccan Peninsula. The leaves are report- 
ed to be eaten with rice in Ceylon. 

//. pinifolia Wall. ex. G. Don is a slender, diffuse, 
much-branched annual, found in parts of Bihar and 
the Andaman Islands. The plant is employed in 
poultices for aching parts of the body in Malaya 
(Burkill, I, 1131). 


H. stipulata R. Br. is a slender, decumbent herb 
with ovate-lanceolate, membranous leaves, occurring 
almost throughout the Himalayas and the Khasi 
hills at altitudes of 3,000-8,000 ft. The herb is wrap- 
ped in plantain leaf and given to cattle suffering from 
sores and worms in the skin (Carter & Carter, Rcc, 
hot, Surv, India, 1912, 6, 414). 

HEDYSARUM Linn. {l..eguminosae) 

D.E.P., IV, 209 ; FI. Br. Ind., II, 145 ; Bailey, 1949, 
555 - 

A genus of perennial herbs or shrubs, distributed 
in the north temperate regions of the world. About 
9 species have been recorded from India, but none 
of them is of economic importance. One exotic 
species, IL coronarium Linn. (Sulla, French Honey 
Suckle, Spanish Sainfoin), has been introduced into 
India and grown in gardens for ornamental purposes. 

H. coronarium is a small perennial or biennial 
herb, 2-4 ft. high, with pinnately compound leaves 
and deep red, fragrant flowers, borne on crowded 
racemes ; pods segmented with a yellow thorny sur- 
face turning brown at maturity. The plant thrives 
well on hills and is propagated by seeds or by layer- 
ing (Firminger, 634). 

Sulla is an important bidder and green manure 
crop in countries bordering the Mediterranean and 
in parts of Australia. It is fed green or as hay and 
is reported to be comparable to red clover in nutri- 
tive value. It yields about 40-50 tons of green fodder 
per acre under irrigation and about 6-16 tons per 
acre under unirrigated conditions. Sulla has not 
become popular in India as a fodder or green manure 
crop (Whyte ct al., 278 ; Nutr. Abstr, Ri'v., 1946, 
45 )- 

Analysis of sulla hay (from plants in full flower) 
gave the following values : moisture, 83 ; crude pro- 
tein, 2.26; crude fat, 0.38; crude fibre, 5.16; ash, 
1.78 ; and N-free extr., 7.42%. The N-free extract 
contains galactans and arabans. Vitamin B^ (c. 5 
i.u./g.) is present in the leaves \Chcm, Abstr,, 1948, 
42 , 3504 ; Wehmer, I, 548 ; Brit, client. Abstr., 1938 
(A, III), 596]. 

HELIANTHUS I Ann. (Compositae) 

A small genus of annual or perennial herbs, most- 
ly natives of Central and South America. Numerous 
natural hybrids exist making the genus very variable 
and delimitation of species difficult. Some species are 
grown in India for ornamental purposes. Two of 
them, H. annuus (Common Sunflower) and H, tube- 
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rosus (Jerusalem Artichoke) are well known ; the 
former is grown also as an oilseed or fodder crop and 
the tubers of the latter are edible. 

H. annuus Linn. Common Sunflower 
JJ.L.P., IV, 209. 

lliNin, BexNg. & Gv], —Surajffiuklii ; Mak. — Suraja- 
makha, siiryaphul ; Tel. — Aditya-hhaktichetiu ; 
Tam., Kan. & Mai.. — Suryakanti, 

An annual herb wilh erect, rough, hairy stem, 
2-15 ft. high ; leaves 4-12 in. long, alternate, long- 
stalked, broadly ovate to cordate, coarsely toothed, 
roughly pubescent on both sides ; flower heads usual- 
ly 3-/) in. wide, but attaining 12-24 width under 
cultivation : flowers single or double, terminal on the 
main axis and branches: receptacles flat, more fre- 
(juently dilated and convex : ray florets yellow, sur- 
rounding a brown purple centre of disc florets : seeds 
(achenes) cylindrical, obovoid-compressed, .34 
and in. broad, white, black or striped grey and 
black ; pappus falling early. Sunflower is self-sterile 
and fertilization is normally effected by in.sects. 

H. annuus is not known in the wild state. It is consi- 
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dered to have originated from H. Ictiticularis Doug- 
las, a wild plant indigenous to Mexico. H, annuus 
has long been grown as an ornamental plant and both 
annual and perennial types arc found in gardens. A 
number of forms with single or double flowers, in 
yellow, golden and red shades have been developed 
by intensive breeding work. Some well-known horti- 
cultural forms are: var. californicus Ilort. ; var. citrir 
nus Hort. ; var. glohostts'fistulosus Ilort. ; and var. 
variegatus Hort. Selections have also been obtained 
from H. debilis Nutt. (syn. H. cucumcrilolius Torr. & 
Gray), an annual, short-statured species with shining 
foliage and strongly bicoloured rays, tpiite different 
from tho.se of H. annuus. A collarette form resem- 
bling collarette Dahlia has been obtained from a 
culture of red sunflower. There arc also on record 
hybrids obtained by crossing annual and perennial 
.species of Heliantlius (Cockerell, Amer. Nat*, 1915, 
49 , 6cx; ; Bailey, 1947, II. *446-47 J HI. 3281 ; Chitten- 
den, II, 972 ; Firminger, 474 ; Gopalaswamien^ar, 
437 J Ross, Sci. Agric., 1938-39, 19 , 372 ; Watson, 
Pap. Mich. Acad. Sci., 1929, 9 , 305; Reiser, Amer, 
J. Bot., 1948, 35 , 8ij). 
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Though cultivated mainly as a garden plant, sun- 
flower owes its economic value to its utility as an oil- 
seed or fodder crop. It was tried long ago as an oil- 
seed crop in Caucasus and Ukraine and has now 
become well established in U.S.S.R. and the Balkans. 
In recent years, it has gained importance as an oil- 
seed crop in Argentina, U.S.A. and Canada (Table i). 
Other countries where it is grown to some extent for 
oil are China, Turkey, Italy, France, Chile and Uru- 
guay ; it is also raised on a small scale in England, 
eastern and southern Africa and parts of Asia and 
Australia |IIurt, 135-40,* Blackman, World C rolys, 
1951, 3 , 51 ; Halderman, Chemurg. Dig., 1949, 8(5), 
15 ; Vegetablr Oils Oilseeds, Commonwealth Econ. 
Comm., 1956, 59|. 

As a fodder or forage crop, sunflower is fed green 
or converted into silage. Sunflower silage is popular 
in U.S.A., Rhodesia, Canada and a few other coun- 
tries (Hurt, 45). 

For cultivation as oilseed or fodder crop, a niimher 
of selections of sunflower are known, varying marked- 
ly in height of growth, diameter and colour of heads, 
shape, si/c, colour and oil content of seeds and suit- 
ahility for ditferent conditions of soil and climate, 
'rhey can he divided primarily into three distinct 
types, viz., giant, semi-dwarf and dwarf. The giant 
types are 6-14 ft. tall, generally late maturing and 
bear heads 12-22 inches in diam. ; the seeds are 
large, white or grey with black stri|X\s, hut the oil 
content is rather low. The semi-dwarf types are 4V2- 
6 ft. tall, early maturing, and bear heads 7-9 inches 
in diam. ,* the seeds are smaller, black, grey, or 
striped and the oil content is higher. The dwarf types 
range from 2 to ^'/i ft. in height, are early maturing 
and hear heads 5J/2 hj/i inches in diam.: the seeds 


TABLE 1-ACREAGE AND PRODUCTION OP SUNFLOWER SEED* 

1954-55 

^ -A — ^ 

Area Production 

( 1 ,000 acres) ( 1 ,000 ton.s) 

U.S.S.R. 

9,600t 

2, .soot 

Argentina 

1.5H1 

278 

ITniguay 

55S 

67 

'Fiirkcy 


118 

Yugoslavia 

509 

123 

South Africa 

500t 

46 

Chile 

111 

65 

United States 

n.a. 

2t 

Others 

3,160 

981 1 


♦ Vrf'etahle Oils ff Oilseeds, C^cimmonwralth Koin. Coinin., 
1956, T.-ihlcs 49 Sc 50. f approximate uiioificial estimates, 
n.a. not available. 

contain a high percentage of oil. Among the impor- 
tant commercial types cultivated in different coun- 
tries are : giants — ^Russian Giant. Giant White, Man- 
churian and Grey Stripe : semi-dwarfs — Pole Star, 
Southern Cross, Mars and Jupiter : dwarfs — Sunrise, 
Mennonite, Advance and Arrowhead (Hurt, 49-51. 
59-60 ; Weihel, Cm*. III. Univ. agric. Exp. Sta„ No. 
681, 1951). 

Sunflower is grown in India mainly as an ornamen- 
tal plant. A large number of horticultural types, 
including those already mentioned, is cultivated. 
Efforts made to cultivate sunflower as an oilseed or 
fodder crop have so far proved unsuccessful and 
nowhere has it become established as an economic 
crop. Some of the types tried are Giant Russian, 



Advance hybrid Mennonite 
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Sunrise, Mennonite and Advance ; of these, Mcnno- 
nite and Advance ap|>car to be promising for oil and 
Giant Russian for fodder. However, in comparison 
with oilseeds like groundnut, safflower or niger, which 
are all well established, sunflower has no marked 
advantage. In recent years, seeds of commercial types 
have been obtained from Canada, Australia, U.S.S.R. 
and Hungary and are being tried in several centres. 
'I’he results obtained arc .summarised in Table 2 
(Firminger, 474 ; Gopalaswamicngar, 437 ; Hooper, 
Afrric. Ledger, 1907, No. i. i ; Read, Agric. LiveStk 
India, 1933, 3, 246 ; Annu. Rep. Indian cent. Oilseeds 
Comm,, Oilseeds Ser., No. 28, 1951, 15 : No. 35, 1952, 
24 ; Sci. Rep. agric. Res. Inst. N. Delhi, 1948-49, 136 ; 
Choudhuri & Banerjee. Sci. & Cult., 1955-56, 21, 675). 

Climate & Soil — Sunflower thrives at medium and 
high elevations in the tropics. It requires a warm 
climate with moderate rainfall and shows a some- 
what wide range of tolerance to wet and dry condi- 
tions. It is drought-resistant and can withstand 
several degrees of frost. It is adapted to a variety of 
soils and does well on light, rich, calcareous or allu- 
vial soils and does not require any manuring. It does 
not thrive on acid soils, water-logged lands or steep 
slopes. In highly fertile soils it tends to grow very 
tall, lodge or mature late ; the yield of seed is also 


poor due to production of blind seeds in the heads 
(Hurt, 35, 63 ; Nicholls & Holland, 575 ; Weibel, loc. 
cit. ; Hill, K. Afr. agric. J., 1946-47, 12, 150). 

Culture — When grown as an oilseed or fodder 
crop, sunflower usually follows a crop which has been 
manured. The land is prepared to obtain a fine tilth 
and seeds are sown broadcast or in drills in the begin- 
ning of April ; seeds may also be dibbled in. They are 
generally .sown i-ij/i in. deep in rows 'i-y/i ft. apart, 
the spacing between plants in the row being 6-12 in. 
The seed rate varies according to the type sown. 
When planting dwarf or semi-dwarf types for oilseed 
purposes the seed rate ranges from 4 to 6 lb. per acre, 
while for giant types, the range is 6 to 8 lb. per acre. 
For green fodder or ensilage purpose, the seed rate 
is about 36 lb. per acre. Seedlings when 3-4 in. high 
arc thinned out to 12-18 in. apart. Sometimes seeds 
arc .sown in nursery beds and transplanted in the field 
when 4-6 in. high. The field is weeded in the early 
stages, but once the crop is established (12 -18 in. 
high), no further cultivation is needed. When plants 
have reached a height of 3-4 ft. the inferior flower 
heads are removed, leaving only 4-5 on the main 
stem (Hurt, 53, 80, 81, 77, 78 : Read, loc. cii. ; Childs, 
E. Afr. agric. J., 1948-49, 14, 77 ; Bailey, 1947, 
1445 : Weibel, loc. cit.). 


TABLE 2— PERFORMANCE OF SUNFLOWER TYPES TESTED IN INDIA* 


State 

Period of trial 

Types 

Yield of seed 

Yield of green 



lb. /acre 

matter 
lb. /acre 


Boiiibayt 

1916 17 

Russian Mammoth 

f 1,000 (rabi) 

\ 1,900 (kharif) 

•• 

Mysore 

I925-.3.5 

Giant Russian 

up to 1,430 

5,000 10,000 


1945 

Pole Star 

676 

12.100 


1950 

Mennonite 

572 

11.200 



Advance 

7.S6 

14,558 



Sunrise- 

630 * 

12,036 

West Bengal 

1951 

Giant Russian 

542 

28,234 


Sunrise (Inbred) 

209 

10,488 

8,874 



Sunrise 

172 



lx)cal 

220 

18,5.S4 

Madras 

1924 

n.a. 

• . 

10,000 31,700 


1951-52 

13 types including *1 




(4 seasons) 

USSR.— I 1 

U.S.S.R.— 11 





Lowaszpatiarai 
Tnogcszcmeceii 
Maryinaxil ^ 

•- 230-660 

10,000 



Local 



Punjab** 

1931 

n.a. 


37..3.S6 
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* Data supplied by Dcp. Agric., Bombay, Mysore, We.st Bengal and Madras. ** Read, Agnc*. Live-Stk India, 193.3, 3 , 246; 
1936, 6 , 11. t Hussian Giant, Mennonite and Sunrise types were tried in 19.S0 ; yield figures arc not available, n.a. not available. 
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Attempts have been made to propagate sunflower 
by grafting on Jerusalem artichoke {Helianthus tuhe- 
rosus). The resulting grafts arc reported to be more 
vigorous and the seeds produced arc richer in oil and 
low in husk content. The progenies of the first, second 
and third generations combine the vigour of Jeru- 
salem artichoke, with the earliness and productive- 
ness of sunflower ; but the capacity of H. tuberosus 
for tuber development is partially or completely lost 
{Plant Breed, Ahstr., 1952, 22 , 276). 

Sunflower is an exhausting crop and makes heavy 
demands on soil minerals. In order to restore the soil, 
it is advisable to follow sunflower with a leguminous 
crop like guar, gram and berseem or burn the stalks 
and spread out the ash as is done in Russia. Manur- 
ing with artificial fertilizers is not recommended as it 
is reported to lower the oil content of the seed (Read, 
loc. cit. : Hurt, 44, 72). 

For ornamental purposes, sunflower is raised from 
seeds or by vegetative means. In the case of annual 
types, propagation is done by seeds or cuttings and 
in the case of perennials by division. Seeds are best 
sown in masses in beds or borders. Since they are 
gross feeders and make vigorous growth, they should 
l)e thinned out to get well-developed flowers : they 
also need staking in order to prevent them from 
falling down (Bailey, II, 1445 ; Chittenden, II, 971 ; 
Gopalaswamicngar, 437). 

Diseases & Pests- the diseases affecting 

sunflower in India, the following may be mentioned: 
rust due to Puccinia helianthi Schw., stem-rot caused 
by Sclerotinut sclerotiorum (lab.) Mass., and grey 
mould due to Botrytis cinerea Fr. Many pests feed 
on sunflower at various stages of growth an<l cause 
considerable damage. The more serious among them 
arc: wire worm, cut worm, web worm, aphids, weevil, 
moths and beetles. Considerable damage is also 
caused by birds, pigeons, finches, rabbits and hares. 
Sunflower plant is sometimes attacked by broom-rape 
{Orohanche sp.), a flowering plant parasitic on roots 
{Indian J. agric. Sci., 1950, 20 , 107 : Hurt, 84-96 ; 
Weibel, loc. cit. ; Bull. imp. Inst.. Lond.. 1916, 14 , 88 ; 
Blackman, World Crops, 1951. 3 , 51). 

Harvesting for seed — ^I'he crop comes to maturity 
in 4-5 months after sowing. It is left in the field until 
the colour of the hack of the head changes from 
green to yellow and the seeds become loose. The 
heads are cut before the seeds are (juite ripe to avoid 
loss by shedding, or whole plants may be uproot- 
ed and the heads cut off with a sickle, knife or 


When thoroughly dry, the heads arc threshed. They 
arc placed on racks or piled, face downwartls on floor 
and beaten with flails ; they may be rubbed face 
dovvnwanls over a metal piece fixed in a wooden 
frame ; they may he passed through a modified 
maize shellcr or gently pressed against revolving 
cylinders studded with nails. Threshed seeds are 
spread out in a thin layer on a dry airy floor and 
turned over occasionally until dry, and cleaned from 
dry florets and other light impurities by winnowing. 
Dry seeds keep well for a number of years and retain 
their vitality if stored in a cool dry place. Rapid rise 
of temperature has been observed in piles of seed, 
especially if the moisture content exceeds 12‘X. 
(Hurt, 97-1 1 1, 74 ; Weihcl, loc. cit. ; Bidl. imp. Inst., 
hond., 1916, 14 , 88 *, Elliott. /. Dep. Agric. W. Aust., 
1949. 26 , 44). 

The yield of seed varies from about 3 (k) lb. to 
3»36t> lb. per acre depending upon the type cultivated, 
fertility of the soil, ami cultural practices ; tlie 
average yield reported from ililTcreni countries is 
780 -1,340 Ih. per acre. In the trial cultivations of 
Giant Russian sunflower in India, yields up to 
1.430 lb. and i,9(x> lb. have been obtained in Mysore 
and Bombay respectively (Hurt. 110; Blackman, loc. 
cit. ; Hill, loc. cit. ; Information from Dep. Agric., 
Mysore & Bombay). 

The .seeds au- used mainly for the extraction of 
oil. They are also con.sumed raw. roasted or salted. 
In U.S.A.. roasted kernels are sold in packets like 
peanuts ; only selected large seeds are husked for this 
purpose. Shelled .seeds are ground and tlie resulting 
flour used for bread. A coffee substitute is prepared 
from roasted seeds. Sunflower .seeds form a nutri- 
tious food for cattle, poultry, hogs and cage birds 
(Hurt, 39, 42, 43 ; Bull. imp. Inst., Lond., 1916, 14 , 
88 : Holland, Kezv Bull.. 1919, 58 : Edlin, 77 ; Amer. 
Agric., U. S. /. S., Nezv Delhi. No. 51 -A- 12, 1951. 6 : 
Afadras agric. /., 1916, 4 , 20 ; Weibel, loc. cit.). 

Sunflower seed (wt. of kx) seeds, c. 6.75 g.) has a 
hard woody pericarp, the kernel constituting 50-65% 
of the whole seed. Analyses of seeds from foreign 
.sources gave the following range of values : moisture, 
3.3-12.8 : protein, 13.5-19.1 ; fatty oil, 22.2 -36.5 ; 
N-frce extr., 13.3-2 1.3 : fibre, 23.5-32.3 : and ash, 
2.6-4.!%. Typical of the analytical values for seeds 
from Hissar are the following: moisture, 3.74 : pro- 
tein, 13.81 : fat. 25.1 1 : N-free extr., 25.55 » crude fibre, 
26.86 ; and ash, 4.9370. The a.sh contains: jxjtas.sium 
(KjO), 24.9 ; calcium (CaO), 8.9 ; phosphorus (P2O,), 


clippers, and exposed face up between rows to dry^^^t^|0^f_Ji2agnesium (MgO), 10.5 ; and sulphur (SO 3), 
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9.9% ; socUum, silica, iron, aluminium, chlorine, 
iodine (42 /ig./kg.), manganese, copper and zinc are 
present. 1'he seeds contain monosaccharides, 0.31 ; 
saccharose and other disaccharides, 3.91 and trisac- 
charidcs, 0.73% ; no starch or dextrins arc reported. 
The seeds also contain (dry basis): lecithin, 0.23%; 
nuclein, o.^i'.o; organic acids (including citric, tar- 
taric and chlorogenic acids), 0.56‘X, : cholesterol, 
0.15%: and phytin (Hurt, 112; Wehmer, II, 1227; 
suppl., 100 : Read, loc. cit. ; Thorpe, XI, 337 ; Iodine 
Content of Foods, 116). 

The seed kernel contains albumin (15-32%), globu- 
lin (46-48%), glutelin (8 -i 9'X>) and insoluble protein ; 
no alcohol-soluble protein has been reported. The dis- 
tribution of total nitrogen in the seed is as follows; 
luimin N. 5.73 : cystine N, 2.98 ; arginine N, 16.80 ; 
lysine N, 4.86 ; histidine N, 4.56 ; mono-amino N, 
45.32 ; non-amino N, 5.27 : and amide N, 15.42%. 
Apj)roximate amino acid composition of the total 
protein is as follows: arginine, 8.2; histidine, 1.7: 
lysine, 3.8; tyrosine, 2.6: tryptophan, 1,3; phenyl- 
alanine, 5.0 : cystine, 1.4 ; methionine, 3.4 ; threonine, 
4.0 : leucine, 6.7 : woleucinc, 5.7 : and valine, 5.3 
g. N. The globulin contains: glycocoll, 2.5 : alanine, 
4.5: valine, 0,6: leucine, 12.9; serine, 0.2; aspartic 
acid, 3.2 ; glutamic acid, 13.0 ; tyrosine, 2.0 ; phenyl- 
alanine, 4.0: prolino, 2,8; cystine, 1.56; tryptophan, 
2.54 ; arginine, 9.1 : histidine, 14.29 : and lysine, 1.8% 
(Wehmer, suppl., 100 ; Winton & Winton, I, 614-15 » 
Block & Bolling, 491 : Clicm. Ahstr,, 1951, 45, 9138 ; 
1934, 28, 4085). 

Seed oil -The oil content of the seed ranges from 
22 to 36% (av. 28%) ; the kernel contains 45-55% 
oil. Intensive selection work in U.S.S.R. has led to 
the isolation of strains which yield seeds with thin 
husks and high oil content (av. 40%). The oil is 
usually extracted in U.S.S.R. and other Furopean 
countries from dehulled seeds by cold pressing 
followed by hot pressing in hydraulic presses : the 
average yield is 22-29% (Eckey, 775 ; Blackman, 
loc. cit. : Vegetable Oils & Oilseeds, Commonwealth 
Econ. Comm., 1956, 59). 

'I'he expressed oil is of light amber colour with 
a mild taste and a pleasant flavour ; refined oil is 
pale yellow. Refining losses are low and the oil 
has good keeping qualities with little tendency for 
flavour reversion. The characteristics of the oil 
are: sp. gr.‘'“, 0.922-0.926; sp. gr.*"'’, 0.9 15-0.9 19 ; 

1.472-1.474 ; 1.466-1.468 ; iod. val., 125-136 ; 

sap. val., 188-194 ; hydroxyl val., 14-16 ; 
R.M. val., <0.5 ; Polenske val., <o.j ; unsapon. 


matter, <1.5% ; and titre, 16-20®. A sample of oil 
expressed in ghanis (yield, 15%) from seeds grown 
in India had the following characteristics after re- 
fining: sp. gr.®®‘, 0.9147; n^''\ 1.4732; iod. val. 
(Hanus), 11 1.6 ; sjip. val., 194.7 * ^ ^-44 J ^^^et. 

val., 3.62; Hehner val., 91.6; R.M. val., 0.51; 
thiocyanogen val., 79.12 ; titre, 13® ; and unsa|X)n. 
matter, 0.55%. The component fatty acids of the oil 
were: sat. acids, 10% (myristic, 0.38 : palmitic, 4.27 ; 
stearic, 5.46) ; oleic, 49.41 ; and linoleic, 40.48%. The 
component glycerides were : palmito-oleolinolein, 
14.88 ; stearo-olcolinolcin, 15.63 ; oleodilinolein, 24.23 ; 
and dioleolinolein, 45.26%. The oil contains appreci- 
able quantities of vitamins A, 1) and E, sterols, 
SfjLialene and other aliphatic hydrocarbons, terpene 
and methyl ketones (chiefly methyl nonyl ketone) 
(Williams, K. A., 405 ; Eckey, 776 ; Singh Kumar, 
Proc. Indian Acad. Sci., 1947, 26 A, 205 ; Thorpe, XI, 
337 I /• industr. Res., 1949, 8 , 294 : Clieni. Abstr., 
1940, 34, 4932 : 1944, 38, 883 : 1947. 39^3)* 

The phosphatitles (o. 1-0.2 'X.) present in the oil arc 
lecithin (38.570) and cephalin (61.570): they occur 
in combination with protein and carbohydrates. The 
component fatty acids of the total phosphatides are: 
palmitic, 14.7; stearic, 5.1: arachidic, 9.5: oleic, 
19.3 ; linoleic, 45.9 ; and unsat. 5.570. The foots 

from stinllower seed oil refining may he employed as 
a commercial source of phosphatides (Wittcolf, 232 : 
Thor[>e, XI, 337). 

The f.itty acid composition of the oil is influenced 
by the environment in which the seed crop is raised. 
Varietal factors seem to play little part in determining 
the composition. The ratio of linoleic acid to oleic 
acid, rather than the total content of tinsaiurated 
acids is affected. Examination of oils from seeds 
grown in wicLly different localities revealed that the 
proportion of linoleic acid varied from 44 to 727(1 of 
the total fatty acids : the variation in the concentra- 
tion of oleic acid was in inverse proportioii : the 
range of variation in iodine value was 113-136. The 
rate of development of seeds was also a determining 
factor in the fatty acid connx)sition. Oil extracted 
from slow-maturing seeds (grown in relatively cool 
climates) in comparison to that extracted from quick- 
maturing seeds was rich in linoleic acid and poor in 
oleic acid (Barker et ah, ]. Soc. cheni. Ind,, Land., 
>95^» » Barker & Ililditch, /. Sci. Ed Agric., 

1950, 1, 1 18, 140 ; Bridge el al., ibid., 1951, 2, 472)^. 

The oil is used as a cooking and salad oil, for the 
manufacture of margarine, shortening and other 
edible products, in bakery goods, for packing 
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sardines, and as a base in certain pharinaccnticals. 
It is one of the few oils that contain little or no 
linolenic acid and it can be used with advantage in 
the manufacture of shortenings of any desired con- 
sistency. It is considered ecjual to olive oil in nutritive 
value and is sometimes used as an adulterant jllurt. 
39 ; Allen, II, 206 ; Ilaldcrman, Chemurg, Dig., 1949, 
«(5)- '5J- 

Sunflower seed oil is classed as a semi-drying oil 
and is employed particularly in blends with linseed 
and other drying oils in paints and varnishes. It is 
valued for the non-yellowing and the heat-resisting 
projxuties of films produced. A blend containing 
30-40% sunflower seed oil and 60 70% linseed oil 
possesses satisfactory drying properties and gives 
iilms which arc softer, glossier and more elastic than 
those of linseed oil alone. Sunflower seed oil is used 
as lubricant, for lighting purposes and treatment of 
shoddy in woollen manufacture. It has potential 
value as fuel in diesel motors. It is a fairly efficient 
foam destroyer and possesses bactericidal action 
against many bacteria. Sulphonatcd sunflower seed 
oil is suitable for the manufacture of high co-efficient 
lk|uid disinfectants (Chatfield, 51 : Remington, 53 ; 
Ilaldcrman, loc. cit. : Clicm. Ahsir., 1948, 42, 8492 ; 
Weibcl, loc. cit. ; Hurt, 42 : Chan. Ahsir., 1944, 38, 
467 : 1938, 32, 7605 : 1948, 42, 3457). 

Seed cake or meal- -The cake or meal left after 
t/ic extraction of oil is used as a high grade protein 
supplement (Table 3) for livestock, specially dairy 
cows and poultry. When fed to dairy cows in large 


amounts, the butter obtained tends to be soft. Pigs 
fed on the seed cake give soft pork. Undecorticaied 
seed cake contains an undesirably high percentage 
of fibre. Cake from decorticated seeds is considered 
ecpial in feeding value to common seed cakes. It is an 
excellent source of calcium, thiamine and niacin. 
7 'he protein of the meal is of high biological value 
(64*:i'.) and digestibility (94‘A.). The. amino acids 
present in the defatted meal are: arginine, 5.46: 
histidine. 1.43 : leucine, 3.71 ; wolcucine, 2.78 ; lysine, 
1.45; methionine, 1.61 ; phenylalanine, 2.39 : threo- 
nine, 1.64; tryptophan, 1.14; and valine, 2.7%. 
The protein is rather low in lysine [Morrison, 503 : 
Chemurg. Dig., 1948, 7(9), 15: Thorpe. XI, 337 1 . 

Flour prepared from sunflower seed meal is a light 
grey palatable powder of high nutritive value. It may 
be used with white wheat flour (up to 20%) in the 
preparation of bakery goods (Day Levin, Scirncr 
1945, 101, 438: Chem. Ahstr., 1949. 43, 9183). 

Hulls -The hulls constituting nearly 33-55% of 
the seeds, arc utilised mainly as fillers in feed cakes 
and meals. They may be used as fuel and the ash 
which is rich in potash (K^O, 23.7%) may he used as 
a fertilizer or for the recovery of potassium cartx)- 
nate. The hulls are also employed as a bedding 
material for cattle and poultry. With the aid of 
suitable binders, they may be used for heat insulat- 
ing boards and roatl surfacing material. They find 
use also in the preparation of polishing abrasives. 
Other suggested uses include pa|x*r pulp and wall 
board manufacture and furfural production : hull 


TABLF ^-COMPOSITION AND NUTRITIVE VALUE OF SUNFIX)WBR PRODUCTS 



Dry 

inattit 

% 

Protein 

0/ 

/o 

Fat 

% 

C^arbo- 
h yd rates 

0/ 

/o 

Fibre 

% 

Ash 

% 

Pigcslihlc 

proteins 

% 

Nutritive 

ratio 

Starch 
cquiv. 
per 100 lb 

.Sicd' 

y2..i 

14.2 

32.3 

14.5 

28.1 

3.4 

12.8 

8 

103.8 

Seed c:akc' 

(dccorlicalcd) 

9(1.4 

37.4 

13.8 

20,4 

12.1 

6.7 

33.6 

1 

72.5 

Seed cake’ 

(undecorticated) 

92.9 

19.1 

7.4 

28.9 

30.0 

7.5 

17.2 

2 

49.5 

Hulls* 

S9.5.S 

4.21 

0.21 

.10.94 

.12.41 

1.78 




Deseedeil heads* 

88.27 

8.86 

.3.18 

46.42 

18.19 

11.62 


6.0 


Head meal* 

86.0 

8.84 

5.86 

29.70 

31.70 

9.<70 


8.5 


Petal and floret meal* 

86.52 

10.50 

6.41 

35.30 

24.53 

9.78 




I .eaves* 

21.24 

4.12 

0.70 

10.53 

1.97 

3.95 


29 


Whole plant* 

16.9 

1.4 

0.70 

7.9 

5.2 

1.7 

0.8 

12.3 


Silage* 

22.2 

2.1 

I.O 

10.0 

6.8 

2.3 

1.1 

fO 

9.8 

* Woodman, Bull. Minist. Agric., Land, 

No. 124, 

1945, 7, 12. 

14. 

Hurt, 141 45. 

“Morrison, 1034. 
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contains: cellulose, 34.6 ; j^ntosans. 28.6 ; crude pro- 
tein, 4.8 ; and lignin, 26.9%. Hydrolysis with 
sulphuric acid (3.5%) yields c. 26% reducing sugars ; 

I he residue left after the separation of furfural may 
be bri(|ucttcd and used as fuel. Dry distillation of 
hulls (distillate. 43-45%) yields the following pro- 
ducts (dry basis): residual tar, 6.9 ; soluble tar, 2.64 ; 
gases, 34.9 ; methyl alcohol. 1.17 ; acetone, 0.15 ; total 
acids, 4.38 ; formic acid, 0.39 ; and residue (carbon), 
34.2% ; methyl furfural (0.24-0.76%) is present in the 
liquid distillate (Hurt, 44 ; Halderman, loc. cit. ; /. 
sci. induslr. Res., 1957, 16 A, 246 ; Chem. Ahstr., 1949^ 
43 , 8709 ; 1944, 38 , 1064. 5023 ; 1935, 29 , 4104 ; 1933, 
27 , 6004 ; 1941, 35 , 6691 ; 1933, 27 , 3352). 

Heads — 'Ihc residual material from heads after 
threshing out the seeds is used as feedstuff for cattle. 
It is considered ecpial to wheat bran in feeding value 
and relished by stock when fed in mixture with 
succulents or maize. The compositions of deseeded 
heads, head meal and residual petal and florets meal 
arc given in Table 3. Fresh deseeded heads may he 
silaged with or without molasses and dry heads may 
be composted (Hurt, 133-34 ; Childs, E. Aft. agric. 

194H-49. 14 , 77). 

"rhe discs of heads are eaten like Jerusalem arti- 
choke. The flower head (receptacle) is a rich source 
of pectin (pectin content, 23%). Optimum yields of 
pectin are obtained by extraction at loo*’ for 45 
minutes (initial pH, 1.5 or final pH, 1.75). The pectin 
possesses good jellying power equal to that of com- 
mercial apple pectin (Burkill, I, 1132 ; Kertesz, 322 ; 
/. .Set. Fd Agric., 1955, 6, 258t). 

Stalks— The stalks from which heads have been 
removed are utilised as fuel and the ash used as ferti- 
lizer. In Rn.ssia, potash is recovered from the ash 
obtained hy burning the stalks (yield of KaCO.,, 
40-50 11 ). /acre). The stalks arc used as green manure 
and are also composted. Analysis of ash from stalks 
with leaves and deseeded heads gave the following 
values : phosphorus (PaO*), 0.98 ; potash (KaO), 28.90 ; 
and lime (CaO), 12.0% (Hurt, 44 ; Hill, E. Afr. agric. 
/., 1946-47, 12 , 140 ; Timson, Rhod, agric. 1928, 
25 , 281). 

The stalks have a high cellulose content and 
attempts have been made to utilise them for the 
manufacture of paper and plastics. The paper obtain- 
ed from whole stalks is of inferior quality, hut 
when freed from pith, the stalks yield a better grade 
paper. The stalks from which the pith has been 
separated contain (dry basis) : cellulose, 34.4 ; hemi- 
celluloses, 37.3 ; lignin, 23.6 ; and ash, 4.7%. A yield 
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of 40-43% pulp is obtained in sulphite digestion of 
pith-free stalks. The fibres of the stalk may be separat- 
ed and used as a filling material for upholstery. The 
pith is very light (sp. gr., 0.03-0.09) and contains 
29.3% uronic acid. It is inferior to sola pith for 
making hats and helmets (Hurt, 45, 155 ; Client. 
Abstr., 1948, 42 , 9164, 9198 ; 1943, 37 , 3598 ; Burkill, 
1 , 1132 ; Edlin, 77). 

The utilisation of sunflower as a fodder or silage 
crop has proved somewhat successful in parts of India. 
It is quick-growing and crops can be raised through- 
out the year by successive sowings. It yields a large 
bulk of green fodder when cut at the flowering stage 
(Table 2) (Yegna Narayan Aiyer, 1950, 42 ; Read, 
Agric. Live-Stk India, 1933, 3 , 246 ; 1936, 6, 1 1 ; 
Saxena, Allahabad Fmr, 1951, 25 , 5 ; Hurt, 74, 75). 

Sunflower may be fed green or converted into 
silage. Leaves may be mixed with bran and given to 
cattle, horses and poultry. The chemical composition 
and nutritive value of leaves, whole plant anil silage 
arc given in Table 3. The plant attains its highest 
feeding value at the dough stage. Analysis of the 
whole plant, grown at Lyallpur and cut at the dough 
stage (moisture, 79.06%) gave the following values 
(dry basis): protein, 11.94; fat, 3.44; N-free extr., 
45.26 ; fibre, 23.98 ; and ash, 15.38 g./ 100 g. : mineral 
matter — ^ 5^5 » CaO, 2.460 ; Na./), 0.096 : K./), 
4.23 ; MgO, 1.220 ; Mnj, 0 .„ 0.0 r ; AljO.,, 0.378 ; FeaO.,, 
0.18 1 ; SO4, 0.251 ; and insol. residue, 3.51 g./ 100 g. ; 
iodine, 20.6 /ig./ioo g. ; digestible nutrients — dry 
matter, 11.28 ; protein, 1.79 ; fat, 0.32 ; N-free extr., 
6.72 ; fibre, 1.02 ; ash, 1.44 ; and starch eqiiiv., 8.51 
Ih./icx) lb. : nutritive ratio, 4.8. Feeding trials showed 
that at the dough stage, sunflower constitutes a main- 
tenance ration for heifers and compares favourably 
with leguminous fodders. The digestibility co-ellicient 
of the crude fibre is, however, low (20.2%) because of 
the very high lignin content (Hurt, 45 ; Lander & 
Dharmani, Indian J. vet. Sci., 1936, 6, 117; Singh, 
ibid., 1943, 13 , 168). 

Sunflower plant is used mostly after ensilaging 
either alone or with maize, juar or Napier grass. The 
silage is palatable, succulent and relished by all types 
of stock. Feeding trials on milch cows have shown 
that sunflower silage is almost equal to corn silage 
for the maintenance of weight and yield of milk and 
butter fat (Hurt, 45 ; Yegna Narayan Aiyer, 1950, 
42 ; Henderson & Gifford, Bull. W. Va agric. Exp. 
Sta., No. 210, 1927). 

The flowers arc a good source of honey. They 
furnish a yellow dye. The colouring materials present 
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in the flower are / 3 -carotcnc, cryptoxaiiiliin, taraxan- 
thin, lutein and querci merit rin. Helisterol ; 

in.p., 242^) and a monovalent sterol (C3oIL,„02 ; m.p., 
217®) have been isolated from petals (Hurt, 43; 
U.S.D., 1955, 1711 ; Wehmer, 11 , 1226 ; siippl., 100 ; 
Chem. Abstr,, 1937, 31 , 6248). 

The plant contains a saponin. Ascorbic acid 
(92.2-156.3 mg./ 100 g. fresh wt.), carotene (o.in'X,, 
dry wt.), citric and malic acids (i.o mg./g., fresh wt.) 
and small amounts of malonic, lactic, succinic, 
aconitic and fumaric acids are present in the leaves. 
Leaf extracts show antibacterial properties [Chem, 
Ahstr.y 1952, 46 , 10548; 1953, 47 , 12538; 1950, 44 , 
696 ; Welmier, siippL, 100 ; Bentley, Nature, Loud., 
1952, 170 , 847). 

Sunflower seeds are diuretic and expectorant. 
Tlicy have been used in bronchial, laryngeal and 
pulmonary affections, coughs and cold. In Russia, 
medicinal properties similar to those of the oil are 
attributed to them. In China, the seeds are 
administered in dysentery. A tincture of flowers and 
leaves is recommended, in combination with balsams, 
for hronchiectasia. l-icaves are reported to be 
employed in the treatment of malarial fevers in 
Caucasus (Kirt. & Basu, 11 , 1370 ; Cains, /. Bombay 
iiat. Hist. Soc., 1939-40, 41 , 845 ; Wren, 340 ; U.S.I)., 
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H. tuberosus Linn. Jekusalkm Ariichokk, 

Girasoi-k, Topinambur. 

D.K.P., IV, 211 ; Bailey, 1947, I, 401, hig. 391 ; II, 
1449. 

Hindi — Haiichub ; Kesc. ^ Bralimctklia. 

Punjab Hat flinch. 

An erect, hardy, tuberous perennial, native of 
North America and cultivated for its e<lible tul)ers 
in Europe, parts of Asia and throughout the tem- 
perate regions of the southern hemisphere. The plant 
attains a height of 5-12 ft. ; leaves 4-8 in. long, 
opposite below and alternate above, ovate, acuminate, 
serrate, rough above and finely pubescent beneath ; 
flower heads few or many, 2-3 in. across with yellow 
florets ; achencs 4-anglcd, pubescent. The plant is 
grown in India to a limited extent in gardens and hill 
stations. It is reported to have been introduced in 
Assam, Bengal, U.P., Bombay, Baroda and Hydera- 
bad. It thrives best at an elevation of i,(xx>~2,5oo ft., 
but can be grown up to 4,000 ft. (Thompson, 210; 
Gollan, 13 ; Gopalaswamiengar, 531 ; Sampson, Kezv 
Bull, Addl Ser., XII, 1936. 91). 

Though a perennial, H, tuberosus is treated as an 


annual under cultivation. Numerous types are in culti- 
vation, but none of them appears to be well defined. 
The tubers, which resemble jK)taloes, but with large 
eyes, are ovoid, 4-8 in. long and 1-3 in. across, white, 
yellow, pink, red or purple. Two types have been re- 
corded in Malaya — one with red skin and the other 
with white skin ; a new type bearing tubers which 
are less knobbly than those of other types, has been 
recently selected from the white-skinned type. 

H. tuberosus var. fusifonms, a newly evolved type 
grown in France, bears long, fusiform tubers which 
are reported to have gtxxl flavour and palatability 
(Barrett, 132: Burkill, I. 11^^; Chittenden, II, 97^; 

I. 185). 

Jerusalem artichoke grows under a wide range of 
climatic and soil conditions. It grows and pnxiuces 
a profitable crop even on land unsuitable for many 
other vegetable crops. It is well adapted to rich sandy 
or light loams and alluvial soils, but does not thrive 
in wet and heavy soils. If grown in sandy soils, the 
digging of tubers is easier. Soils suited for [K)ta!oes 
or tnai/.e arc also suitable for artichoke (Purewal, 57 : 
Thompson, 210; Boswell, l^cafl. U.S, Dep. AgnV., 
No. 1 16, 1936). 



FIG. 16. HELIANTHUS TUBBROSUS-TUBERS 
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The plant is propagated by tubers or sets. The soil 
should he well prepared by ploughing and liberally 
manured {c. i6 cart loads of farmyard manure per 
acre). Whole tubers or tuber pieces with 2-3 eye buds 
and each weighing c. 2 oz. are planted about 3 in. 
deep and ft. apart in rows, the spacing l^etwcen 

rows being 2-3 ft. The planting is done during 
March-May in the plains and from middle of 
February to middle of April in the hills. About 6 nid. 
of sets arc re(|uired to plant an acre. Irrigation may 
he necessary once a week during the dry weather. In 
the early stages after planting the field is given one 
or two weedings : no cultivation is necessary after 
the plants grow up. Earthing up is necessary, as in 
the case of potato crops, when seedlings are about 
I ft. high. Flowers are picked off as they ap|K*ar 
(Gollan, 13; Purewal, 57; '^rhompson, 210; Gopala- 
swamiengar, 531). 

The crop takes 4-6 months from planting to 
mature. The tubers arc ready for harvesting when 
the leaves wither and the stems commence to die 
down. It is advisable to leave the tubers in the soil 
until re(|uired, as they preserve their delicacy and 
flavour better when left undisturbed. The yield of 
tubers varies from 5-10 tons per acre ; yields as high 
as 15-16 tons have been recorded under very 
favotirahle conditions (Go|)alaswamicngar, 531 ; 
Purewal, 57; Gollan, 13; Thompson, 21 1 ; lioswcll, 
loc. cit.). 

I’hc tubers do not develop a thick corky layer as 
is the case with potatoes. Consetjuently the tubers 
shrivel up on cx|X)surc and cannot be kept for more 
than a few weeks except under cold storage (31 -32®F.) 
and high humidity (90-95'X.) (Thompson, 21 1 ; Jacobs, 
in, 1830; Boswell, loc. cit.). 

The rubers may he eaten raw or boiled : they arc 
also pickled, made into chips or ground into flour. 
'Phey are considered ecpial to potatoes in food value, 
though digestive troubles have been occasionally 
reported. Analysis of tulicrs gave the following 
values: moisture, 71.6-84.2; protein, 0.9-3.25; fat. 
o.i 1-0.44 • N-free extr., 13.6-18.8 ; crude fibre, 0.3-3.0 ; 
and ash, 0,85- 2.5%. The mineral constituents report- 
etl are phosphorus (0.099%), calcium (0.023%), 

(3.4 mg./ 100 g.), sodium, potassium, magnesium, 
aluminium, zinc, chlorine, iodine (12 Mg./kg.), and 
sulphur. Small amounts of vitamins B, and C, 
purine bases, arginine, histidine, betaine, choline and 
haemagglutinin are present. The enzymes present arc 
inulase (optimum temp., 55-60°), catalase, phos- 
phatase, phenolase and polyphenolase (Gollan, 13 ; 
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Knott, 277 ; Bailey, 1947, I, 401 ; Food Sci, /l/;.s 7 r., 
1952, 24 , 370; Wehiner, II, 1224; Winton & 
Winton, II, 175 : Jacobs, II, 1340; Iodine Content 
of Foods, 77; Chnn. Ahsir,, 1938, 32 , 1804; 1939, 
33 , 1054). 

The carbohydrate content varies from 8 to 18%, 
depending on the type, size and shape of the tuber. 
Besides glucose and levulosc, a whole series of gluco- 
friictosans, from sucrose to inulin, are present. Inuliii 
and closely related inulidcs arc the principal carbo- 
hydrates of the tuber ; dilevan, inulenin, hclianthin 
and synanthrin have been isolated. Dilevan is pro- 
bably a degradation product of synanthrin and is 
not ordinarily present in fresh tubers. The concentra- 
tion of inulin is optimum at the time of full maturity 
(autumn) ; the concentration of inulidcs increases 
during storage at the exjx!nsc of inulin through the 
action of inulase (Jacobs. II, 1337-40; Clirvi. Ahstr., 
1952, 46 , 3123; 1948. 42 , 6957; Food Sci. Ahstr., 
1952, 24 , 370). 

Jerusalem artichoke has aroused much interest as 
a commercial source of Icvulose used as a sw'cetening 
agent by diabetics. Improved methods of extraction 
of inulin have been developed and the possibility of 
exploiting the tubers for levulosc production is indi- 
cated. Fresh tubers arc sliced and the juice pressed 
out. The juice is acitlified and heated to hydrolyse 
inulin and inulidcs. Neutralisation with lime yields 
calcium Icvulate which is separated by precipitation 
and filtration. Carhonation of calcium levulosc yields 
a syrup containing levulosf* from which the sugar is 
crystallised our (yield, c. 6% on fresh wt. of tuber). 
Fructose syru[>s suitable for use as sweetening agents 
may be prepareil. The tubers may also be utilised for 
the preparation of industrial alcohol by fermentation 
(yield, 8-9 l./kg. of tubers) and beer-like beverages 
(von Locscckc, 319-21 ; Jacobs, 11 , 1340; Thorpe, I, 
497 > Chem, Ahstr., 1950, 44 , 3206). 

Tubers arc used as feed for stock. A rich, palatable 
feed of good digestibility and comparable to sugar- 
l)eet in feeding value is obtained by ensilage. The 
average nutritive value of the tul>er is as follows; 
digestible protein, 1.2 ; and total digestible nutrients, 
15-9% ; nutritive ratio, 12.3 (Morrison, 394, 1018 ; 
Chem. Abstr., 1941, 35 , 4866). 

Green tops and stems of young plants are used as 
feed for cattle ; they may also be ensiled. The yield 
of green fodder is 5-9 tons per acre, but the yielcf of 
tuliers is greatly reduced by the early cutting of tops. 
The comjwsition and nutritive value of tops is as 
follows: dry matter, 27.2 ; protein, 1.4 ; fat, 0.3 ; fibre, 
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4.9 ; N-frcc extr., 18.5 : mineral matter, 2.1 ; calcium, 
0.44 : phosphorus, 0.03 ; potassium, 0.37 : digestible 
protein, 0.8; and total digestible nutrients, i8.i%; 
nutritive ratio, 21.6 (Morrison, 394, 1018-19). 

The stalks may be treated by the soda-chlorine 
process to give a pulp (yield of c, 20%), which is 
suitable for the manufacture of certain types of pai^rs 
(Chrrn, Abstr., 1951, 45 , 5404). 

HELICIA l-oiir. {Froteaceae) 

FI. Br. Tnd., V, 189. 

A genus of trees distributed in tropical Asia. Japan 
and Australia. About six species occur in India. 

/f. crratiai Hook. f. (Nepal Bandre ; Lepcha — 
Zheyong-kuyig ; Kiiasi — Dieug-soh-tyrtcit, diengdin- 
gimrit) is a small to medium-sized tree found in the 
eastern Himalayas and Assam up to an altitude of 
6.000 ft. Bark grey, rough : leaves variable, elliptic- 
lanceolate, coriaceous : flowers yellowish in racemes 
3-9 in. long : fruit an obru|uely globose nut. edible. 
The wood is pinkish grey, moderately hard and heavy 
(wt., 44 Ib./cu. ft.) : it may be used for inlay work 
and fancy an ides (Gamble, 576; Cowan & Cowan, 
112). 

//. rohnstn (Roxb.) R. Br. ex Wall. syn. H. javanica 
Blume is a medium-sized to large tree, found in 
Assam up to an altitude of 3,000 ft. Bark brownish ; 
leaves variable, oblong-lanceolate, serrate, coriaceous : 
racemes 9-12 in. long : fruit an obli(|uely globose nut. 
The wood is used for house buihling. The fruit is 
poisonous. Very young shoots and leaves arc eaten. 
The plant is used for poulticing (Burkill, T, 1133-34). 

HELICTERES Linn. {Sterctd'uueae) 

A genus of shrubs and trees found in tlie warmer 
parts of the world. Four species are reported to occur 
in India, of which //. isora has attained importance 
as a source of fibre. 

H. isora lann. East Indian Screw Tree 

D.E.P.. IV, 212 ; C.P., 868 ; FI. Br. Ind., I, 365. 
Sans. — Avartani, mriga-shinga ; Hindi & Punjart — 
Marorphali, jonkaphalf h fiend u ; Beng. —/I ; 

Mar. — Kewan, kevatti, varkau ; Guj. — Murdasing ; 
Tel. — Ntdiii, kavanchi, syamali, gubadarra ; Tam. - 
V(dampiri, kaiva ; Kan. — Yedamuri, kavargi ; Mal. — 
Kaivun, isvarmtiri : Oriya — Murmtiria, murimuri. 

A sul>deciduous shrub or small tree with stem 
1-5 inches in diam. reaching a height of 5-15 ft. Bark 
grey, in young parts covered with stellate hairs ; leaves 
obovate or obliquely cordate with serrated margin. 


scabrous above and pubescent beneath ; flowers 
solitary or in sparse clusters. 1-2 in. long, with red 
reflexed petals turning pale blue when old ; fruits 
1-2 in. long, greenish brown, beaked, cylindrical, 
with spirally twisted carpels, which on ripening 
untwine and scatter the small seeds contained in 
them. 

The plant occurs, often gregariously, throughout 
India, from Jamuna eastwards to Nepal, Bihar and 
Bengal and southwards in central, western and 
southern India and Andaman Islands. It occurs as an 
undergrowth, especially as a secoiulary growth in 
forests. It coppices well, shooting up rapidly when 
cut or burnt back. In some places, as in the Siwalik 
tract in U.P., it forms dense, almost impenctrahle 
thickets covering large areas practically to the exclu- 
sion of other growth. It is reported to cover an area 
of over 3o,0(x> acres in 'i'ravancore forests. Estimates 
of coverage in other States are nor available (Gamble, 
HX) : Troup, I, 162: Jitte Bull., 1951-52, 14 , 228*. 
Sebasiine, kcnti. Boi., 1954, 8 , 114). 

Tw'o varieties of the plant are distinguished, var. 
totnetiiosa in which the underside of the leaves is 
glabrous (distributed mostly in northern and central 
India) and var. glabrescvns in which both sides of 
leaves are nearly glabrous (distributed in southern 
India). The latter variety has been cultivated on an 
experimental scale in Travancore. It is easily propa- 
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gated l)y seed sown during the rainy season. Tt 
re(|iiircs a rich humus soil and thrives in places where 
the rainfall is 120 in. per annum and above and is 
well distributed throughout the year. In sandy and 
latcritc soils, the growth is stunted and branched and 
the hark is thin. The plants flower and fruit from 
the second year onwards ; flowers appear during the 
rainy season from March to September and fruits 
ripen from December to January. The best type of 
fibre is obtained when the plants are i-iyi years 
old ; plants older than 2 years yield coarse and 
l)rittle fibre. Stalks can he harvested annually for 
fibre extraction from regenerated shoots (vSehastine, 
loc. cit. : Punnoose, Tmiiati Text. /., 1952-53. 

63 , 388). 

The fibre which is present in the inner hark of the 
plant is polygonal in cross section with a circular or 
oval lumen. The fibres are arranged in a reticulate 
pattern in a series of zones alternating with zones of 
soft ti.ssue in the |)hloem region. The cell wall of the 
fibre elements is thick and lignilied. Chemical analysis 
of the fibre gave the following values : ash. 0.954 ; 
cellulose. 74.86; lignin, 23.08: fat & wax, i.(k> 8 ; 
nitrogen, 0.291%. The physical characteristics of the 
fibre are: intrinsic strength. 0,9874:0.054 g. /denier ; 
elongation at break, 5.6% ; length of ultimate cells, 
i.o mm. ; diameter of ultimate cells, 10.1/4 : length to 
diameter ratio, 99 (Sehastine, loc cit. ; Betrabet, /. sd. 
industr. Res., 1956, 15 B, 671). 

The fibre is extracted from the stem by retting in 
pools, ponds and rivers, as in the ca.se of jute 
{Corchorus capsidaris) or sunn hemp {Crotalaria 
juncca). In Travancore, where the kaivun fibre 
industry was a flourishing cottage industry till the 
advent of jute, the practice was to collect cut stems 
(c. I in. diani.) from forest areas and, after removing 
the leaves, steep them in water for 18-24 Ajtys. Retted 
stalks were taken out of the water, beaten gently 
with wooden mallets and the fibres j^eled oil. washed 
in water and dried in the sun. Fibre of good colour 
and quality is obtained when retting is effected in 
running water. 

Data for the production of isora fibre arc not avail- 
able. According to an estimate made in 1951, the 
yield of fibre is 50-60 md. per acre and c. 6,000 md. 
can he collected in U.P. (Punnoose, loc. cit. : Sehastine, 
loc. cit. : Jute Bull., 1951-52, 14 , 228). 

Isora fibre is light brown to greyish green in colour, 
soft, silky and lustrous. Combed fibre resembles jute 
in appearance and varies from 4 to 7 feet in length. 
It is considered inferior to jute in strength hut is 


more durable. It is used mostly for rough sacking 
or canvas and as cordage for sewing gunny hags and 
cattle harness. It is especially valued in Travancore 
for container hags called locally Chelavu and used 
as pans in lever weighing systems (Velli-kol). Bags 
made of kaivun fibre last more than 5 years, while 
those made of jute seldom last more than 2 years. It 
may he u.scd in mixture with jute, to the extent of 
40%, for the manufacture of sacking and is considered 
satisfactory as a second weft. 

The (juality of fibre is amenable to considerable im- 
provement. By selecting stalks of etpial age and 
maturity, and retting them under proper conditions 
and .scutching the dried fibre on suitable mechanical 
appliances, it is possible to obtain fibre which can be 
spun into good yarn and woven into canvas and other 
durable fabrics of excellent (|uality. Woven materials 
can be dyed and ])rintcd in attractive designs for 
making shopping hags. Ropes and cordages made 
of the fibre are better and smoother than coir products 
(Punnoose, loc. cit.). 

Stalks and twigs of //. isora, with or without bark, 
arc suitable for the manufacture of writing and 
printing paper. The material is available in abundance 
at low price and can be advantageously employed in 
paper mills as a supplementary raw material. Analysis 
gave the following values (oven-dry basis) -stalks 
twigs with hark : ash, 3.1 ; cold water extr., 11.5 : hot 
water extr., 12. i : 1% NaOII extr., 27.8 : 10%, KOTI 
extr., 36.8 : ether extr., 4.3 : alcohol-benzene extr., 

9.7 ; pento.sans, 1 1.9 : lignin. 19.9 ; and cellulose (Cross 
& Bevan), 48.3%, : stalks twigs without bark : ash. 

1.7 : cold water extr., 6.2 : hot water extr., 6.5 ; 1% 

NaOII extr., 19.2 : 10%, KOII extr., 29.1 : ether extr., 
0.4 : alcohol-benzene extr., 5.6 : pentosans, 16.0 : 
lignin, 13.6: .nnd cellulose (Cross & Bevan). 51.4%. 
Pilot plant trials at the Forest Research Institute, 
Debra Dun, have .shown that a 35-36% yield of easy- 
bleaching pulp is obtained by soda or sulphate 
process from unharked or harked material. The pulp 
is short-fibred \wood fibre : length, 0.4-1.34 mm. (av., 
0.92 mm.) : diam. 0.01-0.023 (^v., 0.017 inm.) ; 

hark fibre: length, 0.74-2.36 mm. (av., 1.41 mm.); 
diam., 0.007-0.023 mm. (av., 0.015 *T^tn.)]. Printing 
papers may be produced with a furnish consisting of 
only H. isora pulp. For the production of writing 
papers, however, 40% admixture with long-fibred 
pulps, such as tho.se of sahai grass or bamboQ, is con- 
sidered e.s.sential (Bhat & Singh, Indian For,, 1951, 
77 , 664). 

Leaves and tender branches of the plant are lopped 
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for fodder. They are reported to l)c pa 1 atal)lc and rich 
in essential nutrients and pro-vitamin A. Analysis of 
the leaves gave the following values (dry basis): 
crude protein, 13.25 ; ether extr., 3.04 ; crude fibre, 
19.8 ; N-frec extr., 53.<>2 ; calcium (CaO), 3.15 ; and 
phosphorus (PaOr.), 0.69 'X. Keeding trials on Kumaoni 
bullocks gave the following digestibility values (per 
100 lb. of dry leaves): digestible crude protein, 9.68 : 
total digestible nutrients, 58.32 ; and starch ecpii- 
valent, 46.03 lb. ; nutritive ratio, 1 :5 (Laurie, Iiulian 
For. Lcafl., No. 82, 1945, 9 ; Kehar c/ «/., Proc. Ittduin 
Scl. Congr., 1953, pt III, 245). 

Dried fruit is reported to he useful in intestinal 
complaints and prescribed in indigenous systems for 
colic, flatulence, and diarrhoea. More recently, this 
drug has been tried in amoebic dysentery, but no 
material benefit was observed. I’be drug appears to 
have no therapeutic properties beyond those of a 
demulcent and mild astringent (Clbopra. 324-25 : 
Kirt. & Basil, 1 , 371), 

The root and stem barks arc considered to be ex- 
pectorant, demulcent, astringent and antigalacta- 
gogue. The juice of the root is beneficial in empyema 
and stomach affections and used in diabetes in Kon- 
kan. The bark is prescribed for diarrhoea, dysentery 
and biliousness. Chemical examination of the bark 
showed the presence of cbloroplast pigments, phyto- 
sterol, a hydroxy-carboxylic acid (m.p., 178-79^’), an 
orange-yellow crystalline colouring matter (m.p., 
189-90®). .saponins, sugars, pblobotannins and lignin 
(22.4%) (Kirt. & Basil, T. 371 : Saraswati Bai, Pull. 
Res. Inst., Ihiiv. Travancore, 1954, 3A, 89). 

The wood is white and soft and used as fuel. The 
charcoal from this wood is said to he useful for gun- 
powder (Schastine, loc. cit.). 

Heliotrope — see Quartz 

Heliotrope, Common — see Heliotropium 

HELIOTROPIUM Linn. (Boraghuiceae) 

A genus of herbs, rarely shrubs, distributed in the 
tropical and temjK*ratc regions of the world. About 
16 species occur in India. 

H. indicum Linn. 

D.E.P,, IV. 214; FI. Br. Ind., IV, i^p. 

Sans. — Bhurinidi, hali-sitmht, sriliastini, vris- 
chikali ; Hindi ~ Halta-juri, hatta-sura, sirutri : Beno. 
— Hatusura ; Mar. — Rhurundi ; Gvj.~ -Ha thi-.su n- 
dliana, hatistifid ; Tel. — Nagadanti ; Tam. — Thel- 
kodukupundu, tel-kodukki, nakki-pon ,* Kan. — Chalu- 



FIG. IS. HELIOTROPIUM INDICUM— FLOWERING BRANCH 

kondee ; Mal. -Thekkada, vena-pacha: Okiya 
Hati-sura. 

M.P.— Chapputaliu. 

A coarse foetid herb, u|) to 2 ft. high, with ascend- 
ing hirsute branches, fouiul throughout India. Leaves 
alternate or suh-op|K)site, ovate or ovate-oblong, 
obtuse or sub-acute, serrulate or undulate with cor- 
date, often une(jual-sided base ; flowers blue or lilac, 
in bristly scorpioid cymes ; fruits deeply bilobed, each 
lobe 4-ribbed and containing two angular, beaked, 
hard, i -seeded nutlets. 

The plant is bitter and astringent. Many medicinal 
uses have been recorded for the plant, but none of 
them a|)pears to be of importance. It is reported to 
possess emollient, vulnerary and diuretic properties 
It is used as local application for ulcers, sores, wounds, 
gum boils, skin affections, stings of insects and rheu- 
matism : it is also used in poultices. A decoction of 
tender shoots is reported to be pectoral anil anti- 
scabious. A decoction of the leaves is used in fevers 
and urticaria ; that of roots in coughs and fevers. 
Hie flowers are considered emmenagogue in small 
doses and abort ifacient in large doses. Seeds are masti- 
catetl and swallowed as stomachic. The stems and 
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leaves contain tannin and probably also an alkaloidal 
principle. The leaves dye an impermanent black 
(Kilt. & Basil, III, 1690; Burkill, T, 1136; Quisum- 
biiig, 777 ; Brown, III, 228 ; Dymock, Warden & 
Hooper, n, 525). 

H. strigosum Willd. (including H. hrcvifolitim 
Wall. syn. //. striffasum var. brcvifolia C. B. Clarke) 

D.K.P., IV, 21 9 ; FI. Br. Ind., IV, 191 ; Kin. & Basil, 
PI. 65 1 B. 

UiSDi - Chilil)hul ; Mar. — SanjuvmichiveU sitache- 

krs. 

Pi'NiAii -Kharai, tindu, gorahh pamo ; Rajasthan 
— Choli saniri ; Konkan — StnijuvanvhivcL 

A small sirigose procumbent herb with tufted, 
much-branched, spreading stems occurring through- 
out India. Leaves small, numerous, linear-lanceolate, 
acute, with base abruptly contracted into a slender 
petiole : flowers white, in cymes 1-3 in. long ; fruits 
rounded, depresse<l, breaking up into four i -seeded 
nutlets. H. hrcvifnliinfi hears smaller leaves than H, 
striffosum, which are also whitish and the plant is 
more ( ommon. 

The plant is reported to possess laxative and diure- 
tic properties : it is used, sometimes, for pains in the 
limbs. The juice of the plant is applied to sore eyes ; 
if is also used for lioils, wounds and ulcers (Kirt. & 
Basil, III, 1688). 38 . iTO 

//, curassavicuw Linn, is a glaucous ileshy herb 
bearing small white flowers with yellow centres. Pro- 
bably introduced from West Indies, it is now found 
along the Coromandel coast. In the south-western 
desert of America, the roots of the plant arc ground 
to powder and applied to sores and w'ounds (Kroch- 
mal <*/ al., Econ. Rot., 1954, 8, 3). 

77 . cichzvaUU Steud. (Punjab — Bithua, nilkattai, 
popathiiti) is an erect, softly hairy annual, up to 2 ft. 
high, with elliptic-oblong or obovate leaves and 
cymes of white flowers, found in the plains of north- 
western India and in Kashmir, up to an altitude of 
5,ocK> ft. The leaves are used in applications for ulcer 
and warts ; they arc also used for the relief of earache. 
The species is suspected to be poisonous. H, lasio- 
carpt47n Fisch. 6c Mey., previously considered to be a 
synonym of 11. eichzvaldi, but now regarded by some 
as a distinct foreign species, contains the alkaloids 
hcliotrine (C,uH2-0;,N ; m.p., 125-26°) and lasiocar- 
pinc (CjjiHa^OyN) which appear to be chemically re- 
lated to the alkaloids of Setiecio spp. Lasiocarpine 
causes necrosis of the liver (Kirt. & Basil, 111 , 1687 ; 



FIG. 19. HELIOTROPIUM OVALIFOLIUM-FI OWERING BRANCH 

Chopra 6c Badhwar, Indian ]. a^ric. Sci., 1940, 10 , 33 : 

u.s.n., 1947. 1475). 

77 . ovalifolium luirsk. is an erect or decumbent, 
softly hairy her’o, 6-15 in. high, found almost through- 
out India. It is said to- be poisonous, causing 
diarrhoea and vomiting. In Africa, it is applied exter- 
nally to syphilitic ulcers ; it is sometimes given inter- 
nally (Dalziel, 426). 

77 . suhulatum Hochst. syn. 77 . zeylanicum C. B. 
Clarke (FI. Br. Ind.), non Lam. is an erect, scabrous, 
hispid annual, found in north-western India and the 
Deccan Peninsula. In Africa, it is used as a bitter 
tonic and stimulant (Dalziel, 427). 

77 . tuhervulosum Boiss. syn. 77 . undnlatum Vahl 
(Punjab — Jatimisak, pipatbuii) is an erect, rigjd 
herb, 6-20 in. high, frequently met with io Punjab 
and Rajasthan. In North Nigeria, it is applied locally 
for headache and u.sed internally to increase lactation. 
The herb is also given in gonorrhoea (Dalziel, 426). 
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Photo : M. Sayevdudditu Hyderabad 


FIG. 20. IIEI.IOTROPIUM SUBULATUM— FLOWFRING PLANT 

Some of tlic Hcliotmpium species arc cultivated 
for ornament. H. arborvscnis Linn. syn. H. peruvia- 
num Linn. (Common Heliotrope, Cherry Pie) is a 
shrubby plant, native of Peru, grown in Indian 
gardens. It attains a height of 2-4 ft. and bears 
(lusters of small fragrant (lowers, ranging in colour 
from white to purple, in terminal cymes. It seldom 
attains a large size when cultivated in the plains, but 
grows well on hills. Propagation is by cuttings, layer- 
ing or by seed. 'Phe fragrance of the flowers is rcjRirt- 
cd to be due chiefly to the presence of hcliotropin and 
vanillin. The natural perfume is occasionally met 
with in trade in the form of the absolute ; the triple 
extract obtained by macerating fresh flowers in warm 
fats, is sometimes used : beliolro[K* perfumes of com- 
merce arc mostly synthetic. The roots contain cyno- 
glossin (Firmingcr. 440 : Chittenden, II, (^77 ; Pou- 
cher, II, 126: Wchmer, II, 1017). 

HELMINTHOSTACHYS Kaiilf. {Ophioglossaccav) 

Beddome, Indian Ferns, 467, Fig. 292. 

A inonotypic genus of ferns distributed from India 
to Formosa and New Caledonia. 

H. zeylanica (Linn.) Hook. syn. H. dulcis Kaulf. is 
a handsome herb occurring in swampy places in the 
western ghats of South India, up to an altitude of 
3.CKX) ft., and in the north-eastern parts of India. 
Rhizome thick, fleshy, creeping ; stipes up to i ft. 
long; frond divided into two portions; barren seg- 
ment leafy, palmatcly divided, often in 3 principal 
divisions which arc stalked and again forked or 


pinnate, the ultimate division being linear-oblong, 
acuminate, entire or slightly toothed : fertile spike. 
3-4 in. long and in. broad, borne on a firm [xxlun- 
cle arising from the base of the barren segment. 

Young fronds (before the expansion of lamina) are 
eaten either raw or cooked. They contain: moisture, 
82.9 ; nitrogen, 0.475 * » crude libre, o.(;8 : and 

ash, 0.94% : calcium, 47.(75 : phosphorus. (71.50 ; iron, 
1.79 : carotene. 2.105 : ribollavin, o.(K 77 ; niacin, 0.89 ; 
and ascorbic acid, 45.(90 mg./ too g. Old stems are re- 
|X)rted to be used for matting in Java (Copeland, 13 : 
Burkill, I, 1137 : Intengan cl nl., Philipp. J. Sci., 1(755, 

W, 343). 

'Phe plant has intoxi('ating and anodyne properties 
and is used in sciatica. It is regarded in the Moluccas 
as a mild ajxrient. The Malays regard the rbi/ome 
as a mnic and eat it with betel for whooping cough : 
it is Uvsed in Java for dy.sentery, catarrh and early 
stages of phthisis (Chopra. 4(75: Kirt. & Basil, IV. 
2752 : Burkill. 1, 1137 : Steenis-Kruseman, Ihill. Org. 
sci. Res. IndtmvsMy No. 18, 1(953. 9)* 

HEMARTHRIA R. Br. [Graminctw) 

D.K.P., IV. 218; III. 423: FI. Br. Ind., VII, 153; 
FI. Assam, V, 435 ; Blatter & McCann, 30, PI. 21. 

A small genus of perennial grasses, distributed in 
the warmer regions of the Old World. 'Phree species 
arc reported from India. \ ^ . 

H. compressa (Linn, f.) R. Br. syn. H. jascu ttldln 
Kunth ; Rotthocllia cortiprcssa Linn. f. (Hindi - 
Biksa ; Ben(;. -- P mLs/ieru, htikslia ; Tki.. Shervit 
patiukti : BoMHw—Baikd) is a |)erennial, |)olym()r- 
phoijs, hygrophyloiis grass, with creeping or climbing 
culms up to 20 ft. in length, found throughout the 
hotter parts of India, in pasture lands, borders of rice 
fields, pools and other moist places. It is liked by 
cattle and esteemed as a moist pasture grass in Africa 
and Australia. It is propagated in parts of S. Africa 
by division of roots (Nicholls Holland, 468). 

H. protcusa Stcud. syn. Rntthoellin prolcnsd Hack. 
(As.sam — Dudh-chaulidy challiya) is a closely allied 
grass with culms 3-6 ft. long, found in Assam, Bengal 
and Khasi hills in marshes, jheels and submerged 
low lands. It remains alive under water during the 
monsoon and grows luxuriantly, sending out creepers 
along the ground when the water recedes during the 
dry .season. It can be propagated by broadcasting 
runners and rootlets in November or transplanting 
rootlcis in May. It spreads (jiiickly and furnishes good 
grass for grazing or cutting in areas subject to inun- 
(lation. A yield of 25,(XX) lb. of green grass per acre 
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FIG. 11 . HFMARTItRlA COMPHKSSA— FRlII I ING SPIKIiS 

has been rcportcil in Assam, Cattle relish it in all 
stages and it can he fed either alone or in mixture 
with other fodders (Das, Bull. Dcp. Agric. Assam, 
No. lo, Mjy), 2). 

Hematite — see Iron Ores 

HEMEROCALLIS I .inn. [lAliaeeae) 

Kl. Br. Ind., VI, 326 : Blatter, 11 , i6y, PI. 58, Fig. 4. 
A small genus of herbaceous perennials with short 
rhi/omes and numerous fleshy roots, occurring in the 
temperate regions of Europe and Asia. Popularly 
known as Day-lilies, some of the species arc prized 
for their hardiness and showy bloom in early hot 
weather. They arc propagated by division of clumps 
and adapt themselves to all locations, growing in 
shade or sun and once established, need little atten- 
tion. They bear abundant foliage and large fli)wers. 

f/. ftiha Linn. (Tawny Day-lily, Ohan(;e Day^uly) 
occurs in the Himalayas and Khasi hills, and is culti- 
vated in gardens nearly throughout India. H. auran- 
tiaca Baker (Golden Day-ijly) is also known to be 


under cultivation in Indian gardens, A number c^f 
hybrids and horticultural forms of these day-lilies, 
with flower colours ranging from near white to 
rose, |)urple, maroon and variegations, have been 
developed (Eirminger, 317 ; Gopalaswamicngar, 4(92 ; 
Percy-I.ancaster, 381 ; Stout, /. N, Y, hot, Gdn, 
1941, 42 , 10, 40). 

The flowers of H. fulva, as well as of a few other 
species are a delicacy in C'hina and Japan. The plants 
are grown in some parts as a crop : the flowers are 
harvested, dried and made into bundles, wrapped in 
paper and sold in Clhinese food sliops under the name 
Gum-Tsoy or Giim-Jum. They are u.sed commonly 
lo flavour food. Buds are also used without drying, 
raw in .salad, cooked with meat or in soup, and com- 
bined in other ways as a subslitutc for carrot. Ana- 
lysis of fresh flowers (from China) gave the follow- 
ing values: water, 85.49; pi'otcdn, 1.66; fat, 0.40; 
N-free extr., 10.44 : fibre, 1.23 : and ash, 0.78% ; the 
values reported for dried flowers (from San Francisco) 
arc as follows: water, 15.70 ; protein, 10. 1 1 ; fat, 3.42 ; 
N-free extr., 58.39 : reducing sugars, 12.40 ; sucrose, 
30.51 ; starch, 5.98 ; fibre, 8.74 : and ash, 3.64 7 m. They 
are considered a good .source of vitamin A and a fair 
source of thiamine and vitamin C ; they are also re- 
ported to contain adenine (0.07 g./kg.) choline 
(0.25 g./^K‘) arginine (trace.s) ; the presence of 
iodine (420 /<g./kg.) lias al.so been reported. The 
rhizomes contain asparagin (Neal. 161 ; Porterfield, 
Ecou. Bat., 1951, 5 , 3 : Baker, /. R. hart. Soc., 1937, 
62 , 399 : Biirkill, I. 1 137 ; Wiivon cV Winton, II. 279 ; 
Iodine Content of Foods. 23 ; Wehmer, 1 , 146). 

Specific medicinal jiroperties are attributed to the 
flowers of H. fiilva in Cliina. Eating the flowers, it is 
stated, deadens all kinds of pains ; they arc given 
to women in childbirth. An extract of the flowers is 
u.sed as a blood purifier (Baker, loc. cit.). 

HEMICYCLIA Wight cV Arn. {Euphorhineeac) 

D.E.P., IV, 218 ; FI. Br. Ind., V, 337. 

A small genus of trees and shruhs, now conside.retl 
by most authors as synonym of Dry petes, distributed 
in south-east Asia and Australia. About 8 species 
occur in India. 

H. data Dry petes elata (Bedd.) Pax & 

Hoffm., H. porteri Gamble — 7 ). porteri (Gamble) Pax 
& llofTm., //. sepiaria Wight & Arn. = D. sepiarui 
(Wight Arn.) Pax & Hoffm. (Tei..— ;*Tam.-- 
Virai; Kan. — Hira ; Mal. — Velta-kasavu), FI, travan- 
corica Bourd. — D. travancorica (Bourd.) Jain (Tam. — 
V cllci’pillai), H, venusta Thw. — D. venusta (Wight) 
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Pax & Hoffm. and //. wightii Hook, f. — /). wigluii 
(Hook, f.) Pax & Hoffm. are trees found chiefly in the 
western ghats ; some of them extend eastwards to 
Carnatic and Circars. H. andamanica Kiirz -/). anda- 
manica (Kiirz) Pax & Hoffm. is found in the 
Andamans. 

II. data is a tall tree, attaining a height of 90- 
ifxi ft., found in western malnad areas of the Deccan 
Peninsula ; the wood is strong and used for house 
construction. The wood of this and other species are 
hard and close-grained and are used locally ; that of 
//. srpiaria (wt., 58-67 Ih./cu. ft.) resembles box- 
wood and is useful for turning and axe handles : the 
wood of H. portcri (wt., 61 Ih./cu. ft.) is of gcMwl (jua- 
lity and used for house posts, rafters, poles, etc. ; the 
wood of H. travaiicorica (wt., 55 Ih./cu. ft.) is used 
for fuel : that of //. vcfiusin (wt., 48-51 Ih./cu. ft.) is 
used for house posts, hut is not durable : small plants 
make good walking sticks : that of //. zviglitii is used 
for posts ; the wood of II. andamanica gives good 
charcoal. The fruits of H. srpiaria and of II. anda- 



F.R.I., Dehra Dun. Photo : If. G. Chamfnon 
FIG. 22. HEMICYCLIA SEPIARIA 


manica arc edible [Talbot, II. 457-58 ; Chowdhury 
& Ghosh, Indian For. Rcc., N. S.y Util., 1946, 4(3), 13 ; 
Gamble, 605-06 ; Bourdillon, 289-90 ; FI. Madras, 
1300: Parkinson, 243]. 

HEMIDESMUS R. Br. (Asclepiadaccae) 

A monotypic genus comprising the Lndian Sarsa- 
parilla, a twining shrub distributed in India and 
Ceylon. 

H. indicus R. Br. Indian Sarsaparilla 

D.E.P., IV, 219 ; FI. Br. Tnd., IV, 5. 

Sans. — Anantannday sariva, naga-jilii'a, go/>r/- 
kanya ; Hindi Anafitamnl, kapnri, hindi-salsa, 
magrahu ; Beng. — Anantaniul : Mar. — Anantaniuly 
upalasari ; Guj. — Sariva, upalasariy durivcl ; Tel. — 
Sngandhi-pala, gadisngandhiy muttavapnlagaitin ; 
Tam. — Nannari ; Kan. — Karihandha, sogadc ; Mal. 

— Narnninti ; Oriya — Onontomulo. 

A slender, laticiferous. twining, sometimes prostrate 
or semi-erect sbrub, occurring over the greater pan 
of India, from the upper Ciangetic plain eastwards 
to As.sam and throughout central, western and 
.southern India. Roots woody, aromatic ; stems 
numerous, slender, terete, thickened at the nodes : 
letives oj>posite. short-pet ioled. very variable, elliptic 
oblong to linear-lanceolate (1-4 in. ^(>.3-1.5 in.), 
often variegated with white above, .sometimes silvery 
white and pubescent beneath : (lowers greenish out- 
side, purplish inside, crowded in suhsessile axillary 
cymes ; follicles slender, c. 4 in. long, cylindrical, 
sometimes curved, divaricate : seeds niimcroiis, black, 
llattened, with a silvery white coma. 

'Phe drie*l Indian sarsaparilla roots are medicinal 
and constitute the I Ik.midesmi s or Anamami l 
w'hich is oOicial in Indian i^harmaco[>oeia ; they 
were at one time otlicial also in B.P. The drug 
comes to the market in small bundles of root pietes, 
6 in.-i it. long, or as compact bundles of the entire 
root system of one or more plants tied up with a piece 
of the stem. The roots are cylindrical. 0.2-0.7 in. or 
more in thickness, somewhat tortuous, seldom 
braiichefl, brownish or purpli.sh in colour, with a 
short fracture at the periphery and fibrous at the 
centre. The surface of young roots is generally 
smooth, but in older roots the surface is transversely 
cracked and longitudinally fissured. 'Fhe bark has no 
characteristic taste or odour and is easily separable 
from the inner tissue surrounding the central wood, 
which is the officinal part. Tn the fresh condition the 
inner cortical tissue is mealy white in (olour. hut on 
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exposure it becomes dark brown ; it bas a cbarac- 
lerisric fragrance and aromatic sweetisli taste. Tbc 
drug, as specified in I.P., should contain nor more 
than 2';.. foreign organic matter and 4% asb. It 
should contain alcohol-soluble extractive not less 
than 15V0 and water-soluble extractive not less than 
I ^5%- The drug deteriorates with age and fresh 
roots arc preferred (I.P., 253 ; Phannacognosy of 
Ayurvedic Drugs of 'Fravancorc-CocUiu, Univ. Tra* 
vancore, Ser. I, 1951. 14: I.P.C^, 118). 

The drug has long enjoyed a reputation as tonic, 
alterative, demulcent, diaphoretic, diuretic and blood 
purifier. It is employed in nutritional disorders, 
syphilis, chronic rheumatism, gravel and other uri- 
nary diseases and skin alfections. It is administered 
in the form of powder, infusion or decoction as 
syrup. It is also an ingredient of several medicinal 
preparations. It is used as a substitute for Sarsaparilla 
(from Smilax spp.) and employed as a vehicle for 
potassium iodide and for purposes for which sarsa- 
parilla is used. A syrup made from the roots is usetl 
as a flavouring agent and in the preparation of a 


slierl)et which is reported to have cooling properties. 

Air-dried roots yield 0.22576 essential oil (sp.gr.**"’, 

0. 9553 ; 1.5342) containing /Miiethoxy salicylic 

aldehyde (m.p., 42°) as the major consrituem (c. 8076). 
The aroma of the drug is attributed to this aldehyde. 
Other constituents present in the roots arc: / 3 -sito- 
sterol, n- and /3-amyrins (both free and as esters), 
lijpeol, tetracyclic triterpcnc alcohols, small amounts 
of resin acids, fatty acids, tannins, saponins, a glyco- 
side and a ketone (m.p., 83-84°) (Dutta ct uL, Arch, 
Phann. BcrL, 1938, 276, 333 ; Clicm. Ahsir., 1938, 
32, 8696 : Muni & Seshadri, Proc. luduni Acad, Sci., 
1941, 31 A, 399 ; 14A, 93 ; Chatterjee Bhattacharyya, 
/. hidian chetn. Soc., 1955, 32, 485). 

The roots of Icinioairpus frutvsccus R. Br. (tj.v.) are 
often mixed with and substituted for Indian sarsa- 
parilla. The latter itself is reported to he substituted 
for Rhatany roots (Kramvria spp.). 

The milky latex of the plant is used, in 'rravancore, 
for relieving inflammation in the eye. Kther extract 
of roots exerts some inhibitory effect on the growth 
of Escherichia coli, "I’he leaves are chewed and are 
said to he refreshing ; narrow^-leavcd forms which are 
generally found in open country arc preferred for 
this purpose. The plant yields a lil^rc (B.P.C., 1934. 
505 ; Kirt. & Basu, III, 1597 ; l.P.C., 118 ; Nadkarni, 

1, 620 : Rama Rao, 258 ; Dastur, Medicinal Plants, 
134; Dymock, Warden & Hooper, II, 447 ; Joshi & 
Magar, /. sci. iudusir. Res., 1952, IIB, 261). 

HEMIDICTYUM J>resl (/< lypodiaccac) 

A small genus of ferns found mostly in temperate 
regions. Two species occur in India. 

H. ceterach Linn Cctcrach (tlficitiaruui DC. syn. 

Aspleniufu cctcrach Linn. 

Beddome, Indian Ferns, 194, Fig. 95. 

A small fern occurring in north-western Himalayas 
from Kashmir to Oarhwal, ascending to an altitude 
<jf 9,(xx) ft. Rhizome short, more or less erect, clothed 
with dark narrow scales ; leaves up to 8 in. long, 
persistent, tufted ; petiole about one-fourth as long 
as the blade, scaly : blade pinnatifid or scarcely pin- 
nate, lobes alternate, ovate or oblong, coriaceous, 
up|)er surface naked, low'er surface densely covered 
wdth small hrow'iiish scales. 

The plant is considered diuretic and astringent and 
it is occasionally used in some parts of Europe for 
diseases of the urinary tract. The rhizome is used for 
enlargement of the spleen, incontinence of urine, 
calculus and jaundice. A plaster made from leaves 
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and steeped in wine is used as a local application 
(Cains, /. Bombay nat. Hist, Soc„ 1935-36, 38 , 356). 

Hemigyrosa — srr Lepisanthes 

Hemimorphite - Ncr Zinc Ores 

HEMIONITIS Linn. (Pnlypodiaccac) 

Beddoine, Indian Ferns, 413 : Bailey, 1947, II, 1457. 

A small genus of ferns found in the tropics of 
hotli hemispheres. //. arifolia (Bunn.) Moore (Mui.k 
Kf.rn : C ha ktdiy a) is a small tufted fern 

found commonly in the plains and mountains of S. 
India, up to nearly 3,<^)o ft. and in Bengal, Bihar 
and Orissa. The fronds are 2-3 in. long and ecpially 
hroad, conlate-hastate, with sori along the veins. 
The plant is found in dry localities, sometimes 
growing among crevices in rocks. It is cultivated 
in gardens and can he easily propagated hv spores 
and by means of young plants found at the base 
(Blatter & d’Almeida, iSo: Haines, VI. 1199: 
Mooney. 221). 

In the Philippines, crushed juice from the fronds is 
reported to he used for burns (Fox, Philipp, j. Sci., 
i<;52, 81 , 336). 

Hemlock, Poison — str Conium 
Hemlock, Spruce — see Tsuga 
Hemp, Agrimony — see Eupatorium 
Hemp, Ambari — .vcc Hibiscus 
Hemp, Bombay — .see Crotalaria 
Hemp, Bow-string — .see Sansevieria 
Hemp, Deccan — .see Hibiscus 
Hemp Drugs — .see Cannabis 
Hemp Fibre — .see Cannabis 
Hemp, Indian — .see Crotalaria 
Hemp, Manila — see Musa 
Hemp, Mauritius — see Furcraea 
Hempnettle — .see Galeopsis 
Hemp, Pua or Wild — see Maoutia 
Hemp, Rajmahal — see Marsdenia 
Hemp, Sann or Sunn — .see Crotalaria 
Hemp, Soft — see Cannabis 
Hemp, True — .see Cannabis 
Henbane — .see Hyoscyamus 
Henna — see Lawsonia 
Heptapleurum — see Schefflera 
Herabol Myrrh — see Commiphora 


HERACLEUM Linn. (Umhelii ferae) 

D.E.P., IV. 222 : FI. Br. Ind., II, 711. 

A genus of herbs distributed in the north tem- 
perate region and tropical mountains. About 23 
species occur in India. A few of the more common 
Himalayan species provide winter fodder for goats : 
some are eaten as vegetable and |)ot-herh : a few are 
ornamental. 

//. eaehemirienm C'.B. Clarke is a herb, 1 3 ft. high, 
with radical, pinnately divided leaves and ovoid fruits, 
14 in. x*/g in. occurring in the north-western Hima- 
layas at altitudes of 5 .(xh) 8.(xx) ft. The dry fruit 
contains 0.8“., of an essential oil (s|).gr.'’’ , 1.0304 : 

, 1.504) (Rep. ess. Oils Sehimmel, 1947-48, 82: 
(Miopra, /. sci. indust r. Res., 1952, 1 1 A, 239). 

H. nepalense 1). Don is a small sitruh, 2 -5 ft. high, 
with pinnately divided leaves and ohovoid fruits, 

^ in. X J 4 hi.. frec|uently met with from Nepal to 
Bhutan at altitudes of 5.(xx>-i 2.000 ft. 

Four furo-coumarins, viz., hergapten (C,.jHsO, : 
m.p., 1S8-89"’). a substance isomeric with hergapten 
(m.p., 157 58°). hyakangelicin (C.yH.sO. : m.p., 120 
24°) and allo-imperatorin (C,,,H,, 0 , : m.p., 229"") have 
been i.solated from the ethereal extract of the seeds 
of II. nepalense. Two other crystalline com|>ounds 
with m.p. 202 204° and 231° have been isolated, hut 
not identified (Bhar, Sci. Cult., 1946-47. 12 , 504 ; 
/. Indian chem. Soc., 1948, 25 , > 39 ). 

H. wallichii DC. is a herb, 3 4 ft. high, with 3-par- 
tiie or pinnately divided leaves, fouiKl at high alti- 
tudes in Nepal and Sikkim. The root is said to he 
tonic and aphrodisiac (Kirt. Basu, II, 1223). 

Herb Bennet — .see Geum 

HERITIERA /\it. (Sterculiaeeae) 

A small genus of trees found in the tropics of the 
Old World. Six species occur in India. 

H. littoralis Dry. 

D.F.P., IV, 223 : FI. Br. Iinl., I, 363 ; Brown. I. PI. 
14. 

* Mak. — Sundrichand, kolland : 'Fki.. -Adavibih 
damn : Tam. Chomuntri, kannadi-\ilai ; Kan. 
Chandmara : Mal. Mukuram, nakatn. 

A NDA.M AN.s — Mawtda. 

A small to moderate-sized evergreen ornamental 
tree with thin, often curving buttresses, found in the 
coastal forests of India and the Andaman Islands. 

* //. littoralis, owing to its close rcsemhlancc with //. minor 
Lain., the true Santlri of Sundarbans, is also known as Sundri 
in Bengal. 
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hut nowhere common. Bark grey, longitudinally fur- 
rowed ; leaves ovate, oblong or elliptic, 5 -8 in. x 2-4 
in., coriaceous, glabrous, shining above, silvery and 
scaly beneath ; flowers small, orange-coloured, uni- 
sexual, in loose tomentose panicles: carpels more or 
less free, becoming ov(»id, woody, keeled in the fruit : 
seeds c. 1 in. long. 

The sapwootl of //. littomlis is pale brown : heart- 
wood light yellowish red to recldish brown, dull, 
siraiglu- or inteiiocked-grained and line-textured, 
with an odour resembling that of old leather. The 
wood is hard, tough, heavy (sp. gr., 0.81 : wt., 
52 Ih./cu. ft.), elastic and strong. It is liable to deve- 
lop end-splits and surface cracks ; good results are 
obtained l)y careful air and kiln seasoning. The w(M)d 
is durable both on land and in water, rarely alfected 
by termites, hut liable to attack by teredos and borers 
(Pearson & Brown. I, iS^-S 9 * Brown, I, 42 : 
Lewis, 64). 

The timber is knotty and twisted and logs sufti- 
cieiuly straight are rare. It is diflicult to saw. hut 
machines well and works to a line surface on a lathe, 
taking a good finish and poli.sh. It is chiefly employed 
in building boats, canoes, ships and wharfs. It is also 
used for bridges, piling, posts, ties, rafters, joists, 
beams, poles, paving blocks, furniture, hubs, spokes, 
felloes and axles, levers, tool handles, mallets, etc. 
It has a high calorific value and is a good fuel wood 
(Pearson & Brown, I, 159 ; Brown, I, 44 ; Burkill, II, 
** 40 - 

The seeds are e<lihle. 'Phey contain tannin and 
fatty oil, hut no caffeine ; an ethereal oil (0.035%) 
al.so rejx)rted to he present. The seeds are used as an 
adulterant for Cola nuts. The kernel forms about 60% 
of the weight of .seed : it contains : crude protein, 
1 1.07 ; fat, 7.4-8.3 ; and ash, 2.91%. The composition 
of the ash is reported to be as follows : KjO, 40.0 : 
Na^O, 1.96; 22.23; MgO, 6.29; AljO^, 2.68; 

CaO, 1.43: Pc, 0.41 ; Mn, 0.04: SO.,, 8.04; and Cl, 
1.07%. The kernel fat has the following characteris- 
tics: n 1.4674 : sap. val.. 197. i ; and iod. val., 59.8. 
Analysis of the shell showed that it contains: crude 
protein, 10.3 ; and ash, 2.69% ; the ash contains : Pc, 
3.1 : and Mn, 0.17% (Shivnath Rai, 33 ; Pekey, 667 ; 
Wehmer, II. 776, 1291). 

I'he hark contains i4--i5?>(, tannin and is u.sed, in 
the Philippines, for toughening fishing net.s. Fruits 
and wood contain 12.0 and 13.0% tannin respectively. 
Twigs are used as tooth brushes and a decoction of 
the seeds is given for diarrhoea and dysentery (Bur- 
kill, I, 1 14 1 ; Howes, 1953. 279). 


H. minor Lam. syn. H. fovirs Buch. — Ham. 

D.K.P.. IV, 223 ; FI. Br. Ind., I, 363. 

Benc. & Oriya -S ufulri. 

T HADE— Stmdri. 

A small to moderate-sized evergreen tree with 
grooved and hiittre.s.sed stem and characteristic pneu- 
matophores, found in the deltaic regions of the 
Ganges, Brahmaputra and Mahanadi. Bark dark grey 
with longitudinal fi.ssurcs ; leaves 4-6 in. long, ohlong- 
lanccolatc, leathery with silvery scales beneath ; 
flowers small, orange-coloured, uni.sexual, in tomen- 
tose [)anicles ; carpels nearly distinct, becoming 
woody, furrowed and keeled in the fruit. 

Siindri is the characteristic tree of Simdarhans. It 
grows gregariously and tends to form pure crops with 
.scanty undergrowth. It is found growing in the beach 
hut does not extend far inland : a certain amount of 
salt appears to he indispensable for its growth, hut 
an excess of it is injurious. Sundri forests fall natural- 
ly into fresh water and .salt water types : the former 
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ty[K‘, which is reported to he superior, is met with 
in the northern and interior parts, whereas the salt 
water type is found close to the sea and on high 
ground. The plant avoids low land and land subject- 
ed to submergence by high tide ; it does not also 
flourish on higli ground, which is often very saline. 
Ft is a moderate light demander and requires a warm 
e(]uable climate with fairly heavy rainfall. The roots 
do not penetrate very deep, but spread laterally send- 
ing up pneuinatophores resembling inverted tent 
pegs. The tree pollards well. Coppice growth requires 
abundant light and such growth is vigorous in the 
salt water type. 

Reproduction takes place by seeds which ri[>cn and 
fall during the rainy season. Regeneration is more 
successful under moderate cover. The rate of growth 
is slow, mean annual girth incrcmeni being 0.5 in. 
Judicious thinning, however, results in considerable 
acceleration of growth. Sundri is treated under im- 
provement fellings by area combined with thinnings 


under a felling cycle of 40 years, the exploitable girib 
being fixed at 3.5 ft. (Bhattacharji, Indian For., 1917. 
43 , 21 ; Troup, I, 153 59). 

H. minor is reported to be affected by white 
spongy rot caused by /7c.\v/go/i iVi al)iarui JVrs. 
{Indian /. agric. Sci., 1950, 20, 107). 

The sapwood of sundri is pinkish grey f>r buff ; 
heart wood dark red to reddish brown, sometimes 
faintly streaked with black ; dull, even- and inter-lock- 
ed-grained and fine-textured. It is very hard, heavy 
(sp. gr., 0.84 ; wt. 58-65 Ib./cu. ft.) elastic and strong. 

Sundri seasons well, but is prone to line surface 
cracking, which can be avoided by low temperature 
and slow season. Green conversum and drying umler 
cover, with good air circulation, have been recom- 
mended. The timlx^r is very durable ; untreated posts 
showed an average life of 18 years in damp loca- 
lities and 13 years in water-logged soil. Boats built 
of sundri have been recorded to last 60 years or more. 
The wood is not attacked by white ants and is more 
or less immune to marine borers. 

The limlxr, though hard, is not diflicult to saw 
and work to a gooil finish : it takes a beautiful polish. 
The data for its comparative suitability as timber, 
expressed as percentages of the same properties of 



Dehra Dun. Photo: K. A. Chowdhiiry 
riG. 2 ^ HBRITIERA MINOR-TRANSVERSE SECTION 
OF WOOD (X 10) 


37 



HERITIERA 


teak, are: wt.. 150 : strength as a beam. 1 10 : siilfness 
as a beam, 130; suitability as a post, 110; shock- 
resisting al)ility, 130 ; retention of shape, 45 ; shear, 
1^0: and hardness, 175. The calorific value of the 
wood is: sapzvood, 5.028 cal., 9,051 B.t.u. : heartwood, 
5,261 cal., 9.471 B.t.u. It is u.sed as fuel. It yields 
charcoal of good (juality, particularly suitable for gun- 
powder I'rrtuter, 1944, 115: Pearson & Brown. I, 

I ^^-57 ; Bhattacharji. loc. cit. : Limaye, Indiati For. 
lici., N.S., Util., 1944, 3(5), 18: Krishna & Rama- 
swaini, Indian For. Bull., N.S., No. 79, 1932, i8|. 

Sundri wood is largely used for boat making, oars, 
spars, masts, thwarts, carriage building, buggy shafts, 
felloes, spokes, naves, construction work, posts and 
beams, piles of bridges, agricultural implements, 
furniture, etc. It is also u.sed for over-head electric 
transmission [x»les, picker arms, tool handles, espe- 
cially welding hammer shafts, railway keys and brake 
blocks. The timber is suitable for pulley blocks, tent 
pegs and pit props (Pearson & Brown, I, 157 ; Pearson. 
Indian For. Ball., No. 29, 1915: Trotter, 1944, 116. 
194, 227 : lamaye, Indian For. [A^afL, No. 8, 1941). 

I1ie leaves are reported to contain 9.7-11.7% 
tannin : the leather obtained by the use of leaf tans 
is of light cream colour with a tendency to redden 
on exposure and is soft, supple and tough with long 
fibre. The tannin content of the bark ranges from 
8 to i2.4''i, : the leather obtained by the ii.se 
of sundri bark is reddish buff in colour, tough but 
supple, and free from cracks. Both leaf and hark have 
been recommended for use in the tanning industry ; 
they may be used for the preparation of solid tannin 
extract. Only harks, which are rich in tannin are 
commercially useful 1 1 lovves, 1953, 279 ; Has, Tanner, 
1949 50. 4(7), 17 : 1949-50. 4(8), 15 : Chowdary ct al., 
ibid., 1953-54, 

A transparent gum obtained from the bark is used 
medicinally and akso as an adhesive. The leaves are 
edible. The seeds are starchy and may be used as food 
in times of .scarcity (Bhattacharji, loc. cit. ; Shivnath 
Rai. 33 : Burkill, I, 1 140). 

II. fyafyilio Bedd. (Tinnkvki.ly Sonndalay nnna) is 
a tall handsome tree occurring in the evergreen 
forests of south-western ghats. Its wood is very hard 
and heavy (wt., 50-63 Ib./cu. ft.) ; it is used for 
building pur|X)ses, cart poles and agricultural imple- 
inents. H . acuminata Wall. (A.s.sam — Arkliar, chin- 
frrni, thingphelcm) and //. macrophylla Wall. (A.s.^.wi 
— Tepoppomik, thing-ansit) arc trees occurring in 
parts of A.ssain. The wood from the.se s|)ecies is hard 


and useful for posts and ridge plates (FI. Assam, I, 
' 55 - 5 ^)- 

HERNANDIA Linn. {Hernandiaccae) 

A genus of trees distributed in the tropics of the 
worlcl. One species occurs in the Atufamans. 

H. ovigera Linn. syn. H. pcltata Meissn. 

I).K.P., IV, 22s /FI Br. Ind., V. 188. 

An evergreen tree with a spread itig crown, 
commonly found on the shores of Andaman Islands. 
Bark thick, silvery grey ; leaves ovate, 4-9 in. x 3 6 in., 
trimcate or sub-cordate at the base, the long petiole 
joining the blade within the margin : Bowers yellow- 
ish white, in involucrate clusters borne at the ends 
of tomentose panicles, each cluster having two male 
and a central female flower supported by a cupular 
involucel ; fruit ovoid, c. 1 in. long, dark, ribbed, 
covered by whitish, ttesby, enlarged involucel ; seed 
hard, c. in. diain. 

The bark, seeds and young leaves are purgative. 
The .seeds produce dizziness. The root is chewed as 
a remedy against eating poi.sonous crabs and fish. 
The juice of the bark and leaves has depilatory pro- 
|>erties (Kirt. & Ba.su, HI, 2165 : Lewis, 330: Burkill. 

I. 1141-42). 

The wood is pale grey, soft, light (wr., 20 Ib./cu. 
ft.), but not durable. It is u.sed for temporary work. 
In some parts of the Pacific, it is used for making 
canoes which, however, do not last long. The wood 
catches fire readily and might be used as tinder. The 
base of the heartwood, which turns black on exposure 
is used in the Moluccas for the treatment of haemor- 
rhage ((Lamble. 575; Lewis, 330: Burkill, I, 1142). 

The wood from the trunk yields, on steam-distilla- 
tion, 1-2% of an ethereal oil with the following 
characterLstics : sp. gr., 0.958 0.963 : |ol„, +83.75° to 
+ 104.20°; 1. 4970-1. 501 1 : acid val.. 4.4: and 

ester val., 47.1. 'Fhe oil contains 75-80% of aldehydes 
(chiefly dihydrocumic aldehyde) with traces of ester, 
perhaps cineol. Besides the aldehyde, myrtenal and 
r/-limonene are also present (Fitmemore, 336 ; Chnn. 
Ahstr., 1916, 10 , 1076). 

The wood from the root yields 0.5% of an ethereal 
oil similar to that obtained from the stem wood. 
It has the following characteristics: sp. gr., 0.9667 ; 
|a|^, +126.25°; 1.5038: it contains 92.5% alde- 

hydes (Wehmer, I. 375 : Chnn. Ahstr., 1916, 10 , 1076)^ 

The ethereal oil from the whole fruit (oil content, 
0.5%) has the following characteristics: sp. gr., 
0.9528: |a]p, +50.17°: ;/p. 1.4955* contains 49% 
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aldehydes ; dihydroeuinic aldehyde appears to he 
absent. The fruit shell contains 0.7% of an alkaloid, 
probably bcbccrin (Parry, I, 164 ; Wchincr, loc. cit.). 

'rhe ethereal oil from the seeds (yield, 1.38%) has 
the following characteristics: sp. gr., i.(x>4; 

187'^: , 1.5061 ; acid val., 7.3; and ester val., 

1 10.4. The seetls are also reported to contain an 
alkaloid (Finneinore, 336; Burkill, 1, 1141). 

The fixed oil of the seed kernel (oil content, 33.9“ ») 
is reddish brown with a characteristic odour. It has 
the following characteristics: sp. gr.'' , 0.9380 ; . 

1.47735; acid val., 7.39; sap. val., 195.7; 

(Lliihl), 126.1-126.8 ; ester val., 188.3 » val., 1.77 ; 

and llehner val., 93.17. The mixed fatty acids form 
a dark green litpiid with the following characteri.s- 
tics: neutr. val., 185.7; iod. val., 130.0; mean mol. 
wt., 302.1 ; turbidity temperature, 12 13". They 
consist of oleic, 39.6 ; Unoleic, 44.6 : stearic, 7.1 ; and 
palmitic acid, 8.7'/,,. The oil also contains 2% of 
hernandion (m.p., 167-68^ and , —112.4° 
chloroform) ; it possesses feeble drying properties 
and can he used for the manufacture of soaps, 
rubber suhstituies, and for illuminating purjiose.s. 
It is reported to he used as a hair restorer and for 
dandruff in Philippines (Uchida, /. S(n\ clirtn. huL, 
Lfttui,, 1916, 35, 1089 : CVicn/. 1947, 41 , 2917 ; 

1953, 47 , 10872 ; Quisumhing, 329). 

HERNIARIA Linn, (lllvccbraccac) 

A genus of herbs distributed in Europe, Asia and 
Africa. One species occurs in India. 

H. hirsuta Linn. 

El. Hr. Ind., IV, 712. 

A small, prostrate, tufted, hairy herb, occurring in 
Punjab and from Kashmir to Kiimaon up to an 
altitude of 8,(xk) ft. Leaves small, mostly opposite, 
ovate or lanceolate, entire : flowers greenish, in axil- 
lary clusters ; fruits ovoid, i -seeded. 

In South Africa, a decoction of the herb is used 
for sore throat. The plant also [xissesses diuretic pro- 
perties. A decoction of the root is given to horses 
suffering from hots and colds (Watt & Brcyer- 
Brandwijk, 50). 

I’he herb contains a crystalline principle, hernia- 
rin, .saponins, and an odoriferous toxic principle, 
coumarin (C.,H„02). Merniarin (m.p., 117-118°) is 
recognised as 7-mcthoxy coumarin or methyl um- 
belliferone and is reported to have been synthesised. 
Coumarin, in large doses, cau.ses nausea, vomiting, 
vertigo, depression of the heart and coldiie.ss of the 


extremities. It is said to he powerfully narcotic and 
irritating to the stomach (Ifeilhron & Bunhury, 11, 
650 : Watt & Breyer-Brandwijk, 50 : l.)ey ci ai, J. 
Induin clu vi, Soc., 1935, 12 , 140). 

H. glabra Linn, is a small herb resembling //. hir- 
suia, inircxhiced in Indian gardens for its moss-like 
foliage forming mats which turn deej) hron/e red in 
winter. It thrives in p(M)r soils and may he propagated 
by seed or by divi.sion (Bailey, 1947, 11, 1477 ; (iopala* 
swamiengar, 171, 195). 

'Fhe plant is astringent and diuretic. It is generally 
administered in the form of infusion in catarrhal 
affections of the bladder. An acpieous extract of the 
plant is a hand cleanser, making the skin soft and 
supple (Wren, 300 : Cltctti. /l/;.v/r.. 1941, 35, 3032). 

The plant contains herniarin and a strongly haemo- 
lytic sajxmin. It also contains an ethereal oil, m.p., 
36° (yield, 0.58';,,) (Wehmer. I, 305 ; U.S.l)., 0)47. 
1479: Cildemeister & llolTmann, 11, 36S). 

Herpestis — sre Bacopa 

Herrings — see Fish & Fisheries 

HESPERETHUSA M. Roem. *(Rataeeae) 

A very small genus of sm.ill trees or shrubs found 
in India, Burma, south-western China, rhailand, 
Indo-China and Ceylon. 

H. crenulata (Roxh.) M. Roem. syn. Linintiia i reiiih 
lala Roxh. : L. aeidissivia and. non Linn. 

D.E.R, IV, 641 : El. Br. Ind.. I. 507 : 1 alhoi, I, 19S, 
Eig. 121. 

Hindi — Reli ; Mak. -7’o//c/.s7/^/ ; 'ri.i.. -Tnr claga : 
Tam. Nayvila ; Kan. Nayiballal : M \i.. Kailu- 
uarakan ; Okiya lihetita. 

Bombay — Ran-liaibu, naritigi ; Choia N\(aM k- 
Belsiaii ; Mkkwaka Keiri, kara. 

A small straight-stemmed tree, with jiale corky 
hark and thorny branches, reaching a height of 25 30 
ft. and a stem diameter of 6- 12 in. The live is hand- 
some with light green foliage. Leaves im|)aripinnate : 
leaflets 2- 9, sessile, ovate, crenulate : flowers small, 
white, fragrant, borne in axillary racemes : fruit a 
small globose berry, black when ripe. 

•The gc’Miis has Ihtii erroneously ctrsi^naiea hy sixnal aiitliors 
as 1.imoma I.iiiii., a iiaim* which has Ikcohu- a inu* mnnrn 
amhif^uum^ siiuT it was applied right from the linie *if l.imiaeiis 
to two or more distinct plants and later ap|)liecl to at least d 
diverse genera. In view of its dubious origin and wholesale 
mi.suse, it is .'ictvisable to reject the name Limonid and to use 
the name Hvspt’fvthusa IVI. RcK'in. (.Swingle in Webber & 
Jtatclielor, I, 4f).S 66). 
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The tree (Kciirs nearly throiighoiii India, from 
Piinjal) and Kiiinaon eastwards, in Bihar, Orissa, 
Assam, Madhya Pradesh, Bombay, Mysore and 
South India. It grows commonly on dry hills and 
jungles up to an altitude of 4,000 ft. It can be easily 
pro[)agated fn»m seed. It has a vigorous root system 
and may be tried as a root-stock for Citrus trees ; it 
can also be grafted on Citrus. It llowcrs during May- 
june and the fruits ripen in November -1 leccmber. 
Elshwc sp., a fungus resembling scab fungi, is report- 
ed to attack the fruit (J’earson & Brown, I, 200 : 
Swingle in Webber & Batchelor, I, 300 “02). 

'rhe wood is hard, heavy (sp. gr., 0.96 ; wt., 61 lb./ 
cu. ft.), light lemon to brownish yellow in coloitr, 
smooth, lustrous, straight-grained and rmc-textured ; 
durahle and immune to insect and fungus attack ; 
not liable to develop .serious end-cracks, hut prone to 
surface cracking : .sea.sons fairly well under .shade 
and can he converted when green ; easy to work by 
machine or hand and finishes to a smooth surface ; 
it has been tested for turnery and on a spindle 
moulder and found to stand well. The wood is ti.sed 
for axles of carts, oil presses, rice pounders and walk- 
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ing sticks. It may be ii.sed as a substitute for boxwood 
and for tool handles, welding hammer shafts, mallet 
heads, scales, nders, heading and inlay work and in 
cabinet making. It is a good fuel wood. In Burma 
and Siam, the hark of the wood compounded with 
.sandalwood is ground and used as a cosmetic ((kun- 
hle, 128 ; Pearson Brown, I, 2 (K)-o 2 ; Rodger, 52). 

The fruit is hitler and occasionally used as a condi- 
tnent with fish, meat, etc. iti India and Arabia. It is 
used in Java as a substitute, for .soap. I .eaves, fruits 
and roots are medicinal. 'Phe root is yellow, hitter 
and aromatic and is re|X)rtcd to pos.sess purgative and 
sudorific properties ; dried fruit is tonic and stoma- 
chic, and useful in malignant and pestilent fevers, 
and as an antidote for poisons (Haines, II, 163 : Kirt. 
& Basil, I, 479 ; Dymock, Warden & Hooper, I, 267). 

Another species recorded under the name lAmonia 
ultitfi Wight ^ Arn. and referred to by Alston as 
Hcspcrcthusa (data (Wight & Arn.) Alsttm, is now 
consideretl as Plciospcrmium alatmn (Wight & 
Arn.) Swingle. This plant occurs in the hot dry 
forests of South India and Ceylon, and bears small, 
globose. orange-Ukc fruits, which arc bitter. The wood 
is hard, heavy, yellowish, smooth and even-grained. 
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If carefully seasoned, it can be used for tool handles. 
The leaves and bark are used for fomentation in 
rheumatic pains (FI. Madras, 157 ; Swingle in Wchber 
& Batchelor, I, 287 ; Lewis, 80 ; Macmillan, 365). 

HESPERIS Linn. (Crtidferae) 

Bailey, 1947, II, 1479. 

A genus of perennial, ornamental herbs distributed 
in Europe and western and northern Asia. One 
species H. tnalronalis Linn. (Swekt Rocket) is culti- 
vated in hill gardens in India. 

H. matronalis is a perennial herb, 2-3 ft. high, with 
ovate-lanceolate or lanceolate leaves, 3-4 in. long, and 
showy, fragrant flowers, ranging in colour from white 
through lilac and pink to purple, borne in lcK)se 
racemes. The pods are straight, 2-4 in. long, and con- 
tain a number of seeds. The plant can be propagated 
by seeds, hut the popular double forms arc multi- 
plied by division or cuttings (Firminger, 622 ; Chit- 
tenden, 11, 990). 

The seeds contain 25-30% of a green (when fresh), 
otlourlcss, bitter, fatty oil, which is different from most 
oils derived from cruciferous seeds. It resembles lin- 
seed and perilla oils in drying properties and has the 
following characteristics: sp. gr. 0.8892 ; 

1.4646 ; acid val., 1.5 ; .sap. val., 192.7 : iod. val. (Wijs), 
190.0 ; thiocyanogen val., 119.8 ; R.M. val., 0.8 ; Pol. 
val., 0.4; and unsapon. matter, 1.7%. The fatty acid 
com|X)sition of the oil is as follows : saturated acids, 
8.5 : oleic, 10.7 ; linoleic, 35,1 ; and linolenic, 45.7% ; 
the iodine value is considerably higher than that of 
rape.seed oil : erucic and other unsaturated acids with 
more than 18 carbon atoms, which are characteristic 
of so many seed oils of this family, are not present in 
the oil (Eckey, 441-42 ; Chem. / 1 /;.s'/r., 1943, 37 , 5265). 

Saline (0.9% NaCl solution) extracts of the seed 
agglutinate delihrinated rabbit's blood (Mendel, 
Arch, Fisiol.j 7 , 168). 

Hessonite — sec Garnet 

HETEROPANAX Seem. (Araliuccae) 

D.E.P., TV, 226 ; C.P., 1012 ; FI. Br. Ind., IT, 734. 

A small genus of unarmed trees distributed in 
India, Burma, Java, China and Fiji Islands. 
H, fragrans Seem. (Hindi — Tarla ; Beno. — Guii-suna ; 
Nepal — Lai totilla ; Assam — Keseru, koromla, karan- 
giya ; Mundari — Rengebanam), a small evergreen or 
deciduous tree, 30-/k) ft. high, with large, pinnately 
decompound leaves and yellow fragrant flowers in 
umbels, is found throughout the sub-Himalayan 


tract, from Siwalik eastwards to Bihar, Bengal and 
Assam and in Andaman Islands. The leaves are used 
in Assam for feeding cri silkworms as a substitute 
for castor (Ricinus communis) leaves. They are consi- 
dered to be of medium fodder value. The wood is 
light brown or grey, rather heavy, close-grained, but 
very |X'rishable. It is considered to be useful for 
articles of turnery (FI. Assam, II, 356 : Laurie, Indian 
For. [„eafl.. No. 82, 1945 ; Gamble, 386). 


HETEROPHRAGMA DC. {Rignoniaccac) 

A small genus of trees distributed in South-east 
Asia and Africa. Two species occur in India. 

H. adenophyllum Seem. — Haploph ragma adeno- 
phyllum (Wall.) P. l)op 
b.E.P., IV., 226; FI. Br. Ind., IV, 381. 

Assam -I)ho pa-pa ruli, ziron, mostan-phul, lolum- 
poh. 

Trade — Karen wood. 

A handsome tree, 30-50 ft. in heighi with whitish 
fissured hark, found in the forests of Assam and the 
Andamans, and often cultivated in Indian gardens. 
Ix'aves large, 2-3 ft. long, pinnate: leaflets elliptic, 
entire, acute, glabrous above, pubescent beneath ; 
flowers large, yellowish brown, in terminal panicles ; 
capsules up to 3 ft. long, cylindrical, curved, 2 
valved ; seeds compressed, winged. 



fig. 29. HETEROPHRAGMA ADENOPHYLLUM-FRUITING BRANCHES 
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heterophragma 

The wood \a orange yellow with darker streaks, 
hard, heavy (wt., 53 Ib./cu. ft.), elastic and very 
strong. It is said not to warp or split ; its average 
natural durability according to graveyard tests is 
about 15 years or more. The data for the comparative 
suitability of the timber, expressed as percentages of 
the same properties of teak are: wt., 125; strength 
as a beam, 105; stiffness as a beam, no: suitability 
as a |>ost, 120; shock-resisting ability, 115; retention 
of shape, 65: shear, 125; hardness, 180 [Parkinson, 
215: Howard, 247; Bor, 297: Purushotham ct al., 
Indian For., 1953, 79 , 49, Fig. 2/1 ; Limayc, Indian 
For. Rcc., N. S., \jtiL, 1944, 3(5), i8|. 

I’he wood is suitable for furniture, cabinet work 
and mouldings. It is also useful for aeroplane work, 
piles in harbour work, fishing rods, billiard cue butts, 
and shafts for carts and carriages (Burkill, I. 1143: 
Pearson & Brown, II, 1070; Howard, 247; Rodger, 
' 32 )- 

H. quadriloculare (Roxb.) K. Sebum, syn. //. rox- 
hurghii DC. 

D.K.P., IV, 227 : FI. Br. Ind., IV, 38 1 ; Talbot, II, 
437 - 

Hindi & Mar. — Warra.s, pullung ; Tki.. — Hondgu, 
barukolugottu, kaligotlu ; Tam. — Raro-kala-goru ; 
Kan . — Bccadi, adwi-nuggu 

M. P. — Fonchia-mara. 

A large tree with grey scaly bark, found in Central 
India, Saurashtra, northern Circars and the wc.st- 
ern parts of the Deccan Peninsula. Leaves 1-2 ft. 
long, pinnate : leaflets ovale, shortly acuminate, entire 
or .serrulate ; flowers white or rose-coloured, frag- 
rant. in terminal panicles ; capsules slightly com- 
pressed, straight. 8-12 in. long. 

The wood (sp. gr., c. 0.61 : wt., 39 Ib./cu. ft.) 
is greyish brown with no distinct heartwood, lustrous 
when first exposed but becoming dull with age, 
straight- to interlocked-grained in narrow bands, 
and medium- and even-textured. It is moderately 
hard and strong. It is converted green as it is 
liable to develop end-splits if left in the log. 
I’he wood is not considered to be durable and is 
prone to insect attack. It is ea.sy to saw and works 
to a .somewhat rough surface (Pearson & Brown, II, 
768-69). 

The wood is suitable for rough planking, rafters, 
.scantlings and posts, but is hardly used except as 
fuel. It is also stated to be a u.scful cabinet wood 
(Pearson & Brown, II, 769 : Howard, 247). 

A thick fluid-like tar extracted from the wood 


is said to be used for skin diseases (Kiri. & Basu, 
III, 1846). 

HETEROPOGON Pers. {Gramineae) 

A small genus of annual or perennial gras.scs, dis- 
tributed in tropical, subtropical and temperate regions 
of the world. About six species are recorded in India, 
of which one species is of importance as fodder. 

H. contortus (Linn.) Beauv. ex Roem. & Schult. syn. 
Andropogon contortus Linn. Spear Grass, 

Bellarv Grass 

D.K.P., I. 244 : III, 423 ; IV, 227 ; FI. Br. Tnd., VI, 
199 : Bor, Indian For. Rec., N.S., Bot., 1940, 2 , 142, 
PI- 33 - 

Hindi — Klicr, kumeria, parwa, sura ; Ben(;. — Khvr ; 
M\K.—Gantegawta ; Guj. — Dahhjuliyun ; Tel. — 
Fsildi gaddif pandi hella gaddi, kascri gaddi ; Tam. — 
Oosi pullu, pani pullu, kariinsi pullti ; Kan. — Kari 
vunugada hullu, sunkari liullti ; Oriya — Dauria, 
sinkola. 

Punjab Snryala, sanvala ; Bombay -Stnikhali, 
kusalf kmali. 

A den.sely tufted, gregarious, perennial grass, with 
erect, geniculatcly a.scending culms, 1-5 ft. high and 
narrow, linear leaves up to 2 ft. long, found chiefly 
in dry places throughout India a.scending up to 
an elevation of 7 ,(kx) ft. in the Himalayas. It occurs 
in Punjab, Uttar Pradesh, Bihar, Bengal, A.ssam, 
Orissa, Madhya Pradesh, Bombay and Madras. It is 
reported to be the most prominent gra.ss of grasslands 
at I lo.sur, where it is grown on about 800 acres annu- 
ally. Out.side India, it is the chief pasture grass in the 
sub-coastal tracts of Queensland in Australia, where 
cattle graze on it before flowering. It is a very vari- 
able gra.ss and a number of strains differing in growth 
habit, size and colour of the leaves, pul)escence of 
the inflorescence and lime of maturity, are distin- 
guished. A study of their chromosome number re- 
veals the existence of polyploid races (FI. Madras, 
1743 ; FI. Assam, V, 402 : Jt Pub!, imp. agric. Bur., 
No. 10, 1947, I ; Blatter & McCann, no ; Patwardhan 
& Hegde, /. Indian hot. Soc., 1927, 6, 213; Mehra, 
Indian J. Genet. , 1955, 14 , 82). 

The grass grows in a wide variety of soils and 
becomes dominant even on poor rocky and inhospi- 
table lands. It is extremely drought resistant and 
hardy and often becomes a troublesome weed. Grasp- 
ing, cutting and even burning do not kill out the 
perennial underground portions. Even when destroy- 
ed by plough, it regenerates slowly. For effective 
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FIG. 30 . HETEROPOGON CONTORTIJS-SPIKES « SPIKELET 


eradication one or more of the following steps are 
necessary: (i) ploughing up the existing grass, (2) 
altering the nature of the soil and especially its water 
content and (3) introducing competing species (Burns 
c/ (iiy Mem, Dep. Afrrk. India, Hot., 1925, 14 , 28 : 
1928, 16 , 101). 

The grass can be propagated by seeds or ])y root 
stocks : seeds arc said to be preferable. About 5-6 lb. 
of .seeds or 5,ooo-6,(XX) rootstocks are enough to plant 
an acre. It tillers profu.scly under favourable condi- 
tions and attains a height of 4 ft. It llowers during 
August-December and the fruits ripen in October- 
January. In areas of plentiful rainfall it yields a num- 
ber of cuttings during the rains. A yield of c, 7,380 
lb. of green matter per acre per cutting has been 
recorded at Delhi : two or three such cuttings are 
possible. In another experiment a total yield of 
24,540 lb. of green material has been recorded from 


seven cuttings. In Izatnagar (U.P.), an average yield 
of 43,215 lb. of fresh grass per acre has been reported 
from 3 cuttings, the maximum yield being obtained 
in the second year during the monsoon. In Hosur, an 
average yield of i.io(3 lb. of hay per acre has been 
obtained [Saini & Malik. I.tdum Fmg, 1949. 10 , 49 ; 
Dabadghao Gandhi. Indkn J, iijrru'. Sci., 1952, 22, 
279 : llosain, Indian For,, 1946, 72, 595 ; Chaudhary, 
/Igm*. Anim. Hush,, Uttar Pradesh, 1955 -5b, 0(io), 
4; Nath 6i Das, Indian J, vet, Sci„ 1953. 23, 185; 
Ayyangar & Narayanan, Madras agrie, ]., 1940, 
28, 2]. 

The grass is one of the chief pasture grasses in the 
hills of northern India. Cattle avoid it when the 
fruits ripen, since the sharp, spine-like awns of the 
fruits become twistefi together and cause consider- 
able injury to the gums and buccal mucosa of the 
animals eating the gra.ss, the injuries hccoming 
sources for other disea.ses. The seeds cause damage to 
the general health and condition of wool-bearing 
sheep by irritating and piercing the skin causing the 
formation of subcutaneous and in some cases even 
intramuscular abscesses. It is therefore inadvisable to 
allow cattle near it at this stage. 

The grass, when young, is considered to be a fairly 
good foflder for cattle, though it is coarse and some- 
what fibrous. Many hays made from grasses collected 
in hills contain a large proportion of this grass. For 
fodder, the awns should be removed before stacking 
as hay. A bullock- or horse-drawn comb-shaped 
rake has been designed for removing awns (Burns 
et al,, loc. cit. : Ayyangar & Narayanan, loc. cit. ; 
Burkill, I, 1 143 : Steyn, 6 ; Dal/iel. 529 : Lander. 151). 

For making .sikage, the grass should he cut with 
the dew on before flowering and immediatelv kept 
in a pit. In Nasik district, a good silage has been 
made from green grass in a concrete silo, i6'/2 ft. 
deep and 14^2 ft. wide. From about 23,000 lb. of 
green gra.ss, 15,755 silage has been obtained. 

'Fhc silage from young gra.ss is considered excellent 
in (|uality and is consumed readily by animals 
(Ayyangar & Narayanan, loc. cit. ; Burns et ai, 
loc. cit. ; Warth, Mem, Dep. Agric. India, (diem., 
1930- 53)- 

The chemical composition (on dry basis) of the 
grass at different stages of maturity is as follows • 
young: crude protein, 7.52 ; N-frec extr., 49.51 : 
crude fibre, 28.87 • ether extr., 3.25 ; CaO. 0.95 : and 
PjO,. 0.40%; pre-flowering: crude protein, 4.40: 
N-free extr., 56.83 ; crude fibre, 26.90 ; ether extr., 
3.17 ; CaO, 0.46 ; and P;|0.,„ 0.32% ; flowering : crude 
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protein, 2.35 ; N-frec cxtr., 58.58 ; crude fibre, 28.89 » 
ether cxtr., 2.46 : CaO. 0.34 ; and P, 0 .,, 0.37%. When 
young, the grass is fairly rich in protein ; the 
protein content falls with maturity. The coljalt and 
copper contents of the young grass arc respectively 
0.24-0.25 and 10.2-12.0 p.p.m. and adecpiate for adult 
cattle maintenance (Dahadghao & Gandhi, loc. cit. : 
Datia & Datta Biswas, Imlian J. agric. Sci., 1951, 21 , 

93 )* 

The mineral and nitrogen contents of the grass 
vary according to the season and period of growth, the 
latter being the predominant factor. Under South 
Indian conditions, the grass shows a deficiency of hoth 
calcium and phosphoric acid at all periods of the year 
and also a rapidly decreasing protein content with the 
advance of the season. The best period for cutting for 
making silage or hay is when the grass has flowered 
and before the seeds have set (Ramiah, Indian /. vet. 
Set., 1933, 3 , 65 ; Mem. Dep. Agric. Madras, No. 36, 
19^4, 1207, Ljtnder, Bull. Indian Cmtn. agric. Res.y 
No. 1 6, 1942, 44, 48 : Burns et al.. Bull. Dep. Agric. 
Bombay, No. 78, 1916, 4). 

Hay from tender grass is of fair tpiality : its protein 
content is comparable with that of silage. Hay prepar- 
ed from mature grass contains no digestible protein 
and is unpalatable ; it is somewhat deficient in 
minerals. Silage produces the same growth as early cut 
hay. but is more readily eaten and relished by cattle ; 
it is suitable where abundance of concentrate is fed. 
Early cut hay is useful when economy of concen- 
trates is desired. Analyses of hay and silage cut at 
different stages are summarised in Table i (Ayyangar 
& Narayanan, loc. cit. ; Warth, loc. cit.). 

The cellulose content of the grass is sufficiently 
high to warrant its utilisation for paper manu- 
facture. The following is a proximate analysis of the 


grass (oven-dry basis): moisture, 6.62; ash, 7.50; 
solubility in cold water, 10.92 : solubility in hot water, 
15.46; solubility in 1% NaOH, 38.30; solubility in 
10% KOII, 55.60; solubility in ether, 1.57; solubi- 
lity in alcohol-benzene, 4.35 ; pentosans, 16.92 ; 
lignin, 27.30 ; and cellulose (Cross Bevan), 52.10%. 
Recent investigations have shown that chemical pulps 
of satisfactory strength can be prepared by soda 
and sulphate processes, preferably by the sulphate 
process, and that the yield and strength of bleach- 
ed pulp arc improved by omitting the intermediate 
alkali treatment. The pulp obtained being short-fibred 
requires to be mixed with long-fibred pulps, such as 
those made from bamboo or sabai grass, for the 
manufacture of writing and printing paper. Economic 
utilisation of the grass for pulp manufacture will 
depend upon its price at the mill site (Bhat & Karnik, 
Indian For., 1952. 78 , 331). 

The culms of the grass are used for thatching ; 
they are also sometimes woven into mats. 'Fhe root is 
stimulant and diuretic and sometimes used in rheu- 
matism (FI. Madras, 1743 ; Haines. V, 1041 ; Kirt. & 
Bjisu, IV, 2685 : Cains, /. Bombay nat. Hist. Soc., 
>935-36. 38 , 561). 

HETEROSPATHE Scheff. (Palmae) 

Blatter, 410, PI. LXXV. 

A small genus of Malaysian palms, of which one 
species, H. data Scheff., is cultivated in the Indian 
gardens for its ornamental, spreading habit. It is a 
tall, slender palm with pinnatisect leaves, 9-12 ft. 
long and long pendulous inflorescences, bearing 
numerous small globose fruits. The palm is easily pro- 
pagated from seetls. It is worthy of cultivation for its 
elegant habit and long, tapering leaf .segments. 

The small, hard seeds of the palm are u.sed in the 


TABLE 1— ANALYSIS OF HAY & SILAGE FROM SPEAR GRASS CUT AT DIFFERENT STAGES AT HOSUR* 

(on dry matter basis) 


Hay 

Crude 

protein 

0 / 

/<» 

Filire 

0/ 

,0 

N-frec 

extr. 

% 

Kihcr 

extr. 

0/ 

/o 

Total 

ash 

% 

Ash 
sol. in 
HCI 

% 

f)i[;estiblc 
crude 
protein 
per 100 lb. 

Total 
digestible 
nutrients 
per 100 lb. 

Nutritive 

ratio 


6.97 

.34.52 

47.94 

I..35 

9.22 

4.27 

2.93 

52.97 

17.1 

Mim* 

5.30 

36.89 

46.89 

i,19 

9.73 

3.50 

0.84 . 

44.77 

52.4 

Ripe 

2.97 

38.32 

48.75 

0.96 

9.03 

3.30 

0.00 

.30.71 

. . 











Youn^; 

6.62 

36.85 

43.05 

1.26 

12.22 

5.30 

1.74 

50.22 

27.8 

Prime 

6.59 

32.60 

43.63 

1.65 

15.53 

5.39 



. . 

• Sen, Bull. 

Indian Conn. 

agric. Res., No. 

25. 1952. 

16, 18, 27. 28. 
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Philippines as a substitute for arecanut [Arcca 
catechu). The buds of this as well as of other species 
of this genus are eaten and the leaflets are used for 
making sun hats. Splints obtained from the petioles 
are used for making baskets (Burkill, I, 1143; Brown, 
1941, I, 308). 

HEVEA Auhl. (Euphorhiaceae) 

A small genus of trees distributed chiefly in the 
Amazon region of South America. One species, 
H. hrasiliensis, the source of Para Rubber, has been 
introduced into India and cultivated as a plantation 
crop. 

H. brasiliensis (H.B.K.) Miiell. Arg. Para Rubbkh 
Tree, Caoutchouc Tree 

D.E.P., TV. 365 ; C.P.. 655 ; Seibert, Ann. Mo hot. 
Odn, 1947, 34 , 306. 

A large tree, attaining a height of 6o-i(X) ft. or 
more and a girth of 8-12 ft. : stem smooth and 
straight, generally iiiibranched up to a considerable 
height, with a much-branched leafy canopy ; hark 
greyish ; leaves trifoliolatc with petiole 3.t>-4.o in. 
long: leaflets glabrous, 4.0-6.0 in, long and i. 5-2.5 in. 
broad, elliptical-lanceolate, acuminate (tapering at 
both ends) ; flowers monoecious, small, creamy, yellow 
or green, sweet-scented, in large pubescent panicles : 
fruits ellipsoidal, capsular, tricar|^cllary. each carpel 
containing one seed : seeds ellipsoidal, variable in size, 

I. 0-1.5 mottled brown and shining. 

H. hrasiliensis is considered indigenous to the 
Amazon valley of Brazil, Venezuela, Peru, Ecuador 
and Colombia. It exhibits large variability in morpho- 
logical features, habitat preferences, altitudinal range, 
dry season tolerance, disease resistance, latex yield, 
rubber quality and other features. Natural hybridisa- 
tion is considered possible and the great adaptability 
shown by cultivated types in South-east Asia is attri- 
buted to the past introgressive hybridisation between 
this species and others, particularly TI. guianensis var. 
lutea (Seibert, loc. cit. ; Dijkman, 17, 254 ; Schultes, 
/. Arnold Arbor., 1956, 37 , 123). 

Prior to the development of the plantation rubber 
industry in South-east Asia, almost the entire supply 
of commercial rubber was derived from wild Ame- 
rican Hevea species. Of the four species tapped for 
latex in the Amazon basin, viz. H. hrasiliensis, H. 
henthamiana Muell. Arg., H. guianensis Aubl. and 
H. guianensis var. lutea Ducke & R. E. Schultes, 
H. brasiliensis is most outstanding owing to its 
high latex yield and superior rubber quality, and it 
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FIG. 31. HEVEA BRASILIENSIS— FLOWERING BRANCH 

has become the major source of natural rubber in 
the world market. Hybridisation of H. hra.silirnsis 
with other species generally results in lowering the 
rubber quality. However, plantation Hevea may be 
improved by hybridisation with some species, e.g. 
II. paticiflora Muell. Arg. which is resistant to certain 
diseases and II. nilida Muell. Arg. which is xerophytic 
(Seibert, loc. cit.). 

The rubber plantation industry in South-east Asia 
dates back to 1S76, when nearly i.goo seedlings raised 
at Kew from 70,000 seeds obtained from Brazil, were 
despatched to Ceylon. The seedlings became the 
nucleus, in siibsccjucni years, for the supply of rubber 
plants and seeds to other countries. Plantations were 
raised and by 1930 a number of strains had been 
developed by breeding and selection, some of them 
far superior to the stock originally obtained from 
Kew (Wright, 1-2, 8 : Hutchinson & Melville, 252 ; 
World Crops, 1950, 2 , 75 ; Whaley, Econ. Hot., 1948, 
2, 198; Bangham, ibid., 1947, Hrist, World 

Crops, 1953, 5 , 175). 

The bulk of the world supply of natural rubber is 
at present obtained from Malaya, Sumatra, Java, 
IndoChina and Ceylon ; smaller quantities arc pro- 
duced in India, Sarawak, Borneo, Siam, Burma and 
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C(|iiar()nal Africa in the eastern hemisphere and in 
the tro})ical rain forest region of S. America in the 
western hemis|)liere (Table i). The concentration of 
ruhIxT industry in South-east Asia is due not only 
to congenial environmental conditions, such as uni- 
formly liigh temperatures, well distributed and heavy 
rainfall throughout the year, and well drained rich 
forest soils, hut also due to the availability of cheap 
labour. 

In India, rubber plantations were first started in 
IVriyar and Poonoor (Kerala State) in 1905. Since 
then, many other areas have been brought under 
rubber cultivation. At present, Kerala is the most im- 
portant rubber producing Slate in India with planta- 
tions concentrated particularly in Kottayam and 


Quilon districts. Kanyakumari district in the Madras 
State is also an important rubber growing area ; there 
arc small areas in Coimbatore and Nilgiris in Madras 
State, Coorg in Mysore State and in Andaman Islands. 
A few acres of old rubber exist in Assam and Bengal 
but these are in an abandoned condition (Table 2) 
|/. & S. Bull., 1950, 3(3), 3 ; Indiitn Ruhh. Bd Bull., 
> 95 *. U 

Rubber is produced in India, in jdantations rang- 
ing from less than one acre to about 3 ,(K)o acres in 
area. Areas above 50 acres arc classified as large 
Estates and those of 50 acres and below, as Holdings. 
In the beginning of 1957, there were 35,165 holdings 
(114,294 acres), about 87% of them less than 5 acres 
in area, and 449 estates (120.057 acres) (Tables 3 & 4). 


rABLIH 1— ACREAGE dC PKODUCriON OF RUBBER IN DIFFERENT COUNTRIES’^ 




Area 

(thousand a<Tes) 




Production 
(thousand tons) 




' 1W7 39 
(av.) 

1949 52 
(av.) 

1955 

1954 ' 

' 19.47 -.39 
(av.) 

1949 SZ 
(av.) 

1955 

1954 

I955?i 

Malaya 

5,5.12 

5,488 

.1,747 

2.028tt 

407 

659 

574 

.S84 

659 

Indonesia* • 

1,487 

1,086 

1,202 

l,2(K) 

585 

675 

692 

7.19 

754 

'I'liailaml 

559 

794 

856 

840 

40 

I0.lt 

96t 

II7t 

1.10 

(Vylon 

608 

6.S6 

657 

659 

61 

102 

99 

94 

94 

Iiiflo-C'liina 

519 

249 

197 


58 

51 

75 

78 

95 

Belgian (k)ngo 

21 

194 

190 

192 

1 

12 

21 

25 

28 

India 

1.10 

171 

174 

177 

14 

17 

21 

21 

22 

British Borneo 

5.S6 

148 

119 

120 

55 

66| 

42t 

•♦11 

61 

Burma 

109 

115 

115 


7t 

lot 

lot 

12t 

11 

liiberia 

64 

80 

85 

85 

5 

52 

.15 

57 

58 

Others 




. . 

20 

57 

47 

45 

51 

* Plantation t.’rop.v, Commonwealth Econ. 

C'omm., 1956, 

'Cables 90 & 

91. •♦Estatc.s 

only ; 

figures for 1 957- 

59 are 

for planted 


jirca ; from 194^ onwards, for exploited area; proiluctlon figures are estimated by Kubi;er Study Oroup. f Net exports, f North 
Horneo, Sarawak & Brunei, tf K.states onlv. ^ Rvv. Commonwealth Raw Materials, Vol. I, Commonwealth Econ. Comm., 1958, 
TMc 11. ' 



TABLE 2- 

-STATE-WISE ACREAGE ft 

PRODUCTION OF 

RUBBER IN 

INDIA* 




Area (acres) 

A 



Production (tons) 

X 



I9.S4 

1955 

1956 

1954 

19.S5 

1956 

Kerala 

165,880 

195,875 

219,624 

19,642 

20,515 

21,319 

Madras 

8,788 

9,325 

10,.146 

1,414 

1,554 

1,723 

Mysore 

5,648 

5,715 

5,900 

405 

590 

367 

Andamans 

272 

272 

422 

54 

24 

35 

Assam 

.SO 

50 

50 

. . 

.. 

.. 

We.st Bengal 

9 

9 

9 


.. 

.. 

I'OT.M. 

176,647 

207,240 

2.14..15I 

21,495 

22.481 

23,444 

* Data supplied by 

Rubber Board, 

India. 
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Cultivation 

Climate — H, brasiliensis thrives in the tropical belt 
lying between and io°S of the cijuator, in 

which the climate is warm, humid and c(]uahle and 
the temperature ranges from 74® K. to 95°F. It re- 
cpiires a well distributed rainfall of 70 to 100 in. per 
annum ; prolonged and heavy rainfall or long inter- 
vals of drought arc unfavourable ; an alternation of 
modcrale showers with frecpient intervals of warm 
bright sunshine is considered to he ideal. The climate 
in the plantation districts of Malaya and Indonesia 
approximates more or less to these conditions. In S. 
India, the plantations arc located mostly in areas with 
a prolonged dry season and severe S.W. monsoon ; 
the temj^rature ranges from 60° F. to 95® F. and there 
is a large variation between winter and summer 
temperatures (Wright, 8 ; Grist, 77 ; Troup, III, 850 ; 
Yegna Narayan Aiycr, 646). 

In its original home, the para rubber tree 
grows at low elevations, near river hanks and creeks 
along the sea coast which are suhjcct to flooding. 


Low elevation (up to Sck) ft.) valleys, sheltcretl 
from strong winds hy hills or l^lts of high forest, 
offer favourable situations for establishing rubber 
plantations. In S. India, plantations have been 
established mainly on the slopes of the western 
ghats up to an altitude of 1,000 ft., even though 
a few plantations are situated at higher altitudes ; 
above this altitude, the trees are susceptible to leaf 
disease, the yields tend to be low and the regenera- 
tion of bark is poor ('Froup, III, 850 ; Yegna Narayan 
Aiyer, 645 ; Cherian, Imlian Rubb. Bd, Serial 
PamphL, No. i, 3). 

Soil — /y. brasiliensis thrives best in deep, well- 
drained loamy soils. 'Fbe soils in the rubber planta- 
tions of S. India are red lateritic or clayey loams, 
covered by natural undergrowth or leguminous cover 
crop and protected from erosion. The soils are gene- 
rally deep and well firained. 'Fhey are fairly rich in 
nitrogen, but poor in mineral constituents (other 
than iron and alumina). 'Fbe /)11 tolerance of the 
plant ranges from 3.8 to 8.0 ; in alkaline soils, the 



F.R.I., Dehra Dun. Photo : M. V. iMuric 


FIG. J2. HEVEA BRASILIENSIS— PLANTATION 
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growth is stunted (Yegna Narayan Aiycr, 646 ; Dijk- 
iiian, 19). 

Preparation of land- Rubber is a long duration tree 
crop which slays on the ground for several years. The 
ccoiKiinic life of rubber tree is reckoned at 30-35 
years. Newly opened jungle is considered to be the 
most suitable for rubber cultivation. The area to he 


TABl.K HOLDINGS Si, ESTATES* 

(Dec. 1956) 


lloldinf^s (up (0 .SO acre.s) 

No. of 
units 

Area 

(acres) 

up to 

5 ,'icres 

50,492 

56..S97 

above 

5 A' up t<» 10 acres 

2,889 

20,941 

above* 

10 & up to 50 acres 

1,784 

.16,7.56 


T'otai. 

.15,165 

1 14,294 

Esldlcs (above 50 .acres) 



up t(t 

100 acres 

204 

14..108 

above 

100 A up lo .>00 acres 

184 

58.698 

al)o\e 

.>00 A up tc» 1,000 at re.s 

54 

24,299 

ab<ive 

1,000 A up t<» l,.>00 acres 

17 

21,085 

above 

Ij.SOO A up to 2,000 .acres 

4 

6,996 

above 

2,000 acres 

6 

14,671 


Total 

449 

120,057 


(Ih.xsu 'Foial 

.15,614 

2.14, .1.51 

* Ueff. Uuhff. /iit, iy.s6 57, appx III. 


TABLE 4— STATE-WISE DI.STRIBIJTION 

Of' HOLDINGS 6L ESTATES^ 


(Dec. 1956) 




Holdings K.statcs 

(up lo 50 acres) (above .SO acres) 'IVilal 


No. of Area No. of 

units (acres) units 

Area No. of 

(acres) units 

Area 

(acrc.s) 

Kerala 

5.S,063 112,722 410 

106,902 55,475 

219,624 

M.'idras 

92 l,.M4 28 

9,052 120 

10,546 

Mysore 

8 199 10 

.1,701 18 

5,900 

Aiul.ainaiis 

1 

422 1 

422 

Assam 

I 50 

1^ 

50 

West Iteng.'il 1 9 . . 

1§ 

9 

'Ditai. 

5.S.165 114,294 449 

120,057 55,614 

254, .151 

*Ret>. Ruhh. Ril, 19.S6 57, appx 11. 
though the trees arc ohl. 

§ Not under prcKliiction 


planted is cleared of the jungle by cutting down the 
undergrowth and felling the trees. Formerly, the 
timber and debris were allowed to dry in the open 
and burnt. Under this system of clearing, the humus 
in the soil surface was destroyed, nutrient salts of the 
ash were leached out by rain, and the soil bacteria 
in the surface layer were destroyed. The present 
tendency is to give a light burn or no burn at all to 
the fellings, so as to conserve the humus and prevent, 
to some extent at least, soil wash and soil erosion. 
The timber left after the light burn is used for bunds 
and terraces [Troup, III, 853 ; Kurieii John, /. scu 
industr. Res., 1943 -44, 2, 124 ; 6^ 5 . BtdL, 1950, 

3(3), 3 ; Cherian, Indian Ruhh. Dd, Serial PampliL, 
No. 1,3; Kaimal, Indian Rttbh. Rd Bull., 1952, 2 , 6j. 

The cleared area is then 'lined* and marked, and 
terraces prepared according to the lie of the land. 
Provision is made for roads and drainage. Planting 
pits are then dug (size, 2^ ft. x2^ ft. X2j/^ ft. or 
3 ft. X 3 ft. X 3 ft.) and filled with surface soil and 
manure. I’hc distance between the pits was formerly 
20 ft. X 20 ft., i.e., 108 trees per acre. The present 
system is to plant an initial stand of about 180 trees 
per acre in the case of bud-grafts or 200 to 3tx) trees in 
the case of clonal seedlings. The stand per acre is later 
reduced to about 150 trees for regular commercial 
tapping in the seventh or eighth year by selective 
thinning out of weak, stunted bud-grafts and low- 
yielding seedling trees respectively. Further thinning 
is carried out to give a final stand of about 125 trees 
[jcr acre by the time the trees attain the age of 15 to 
20 years. On account of the comparatively |K)or 
growth of rubber trees in India, the plantings are 
closer than in Malaya and Indonesia [Yegna Narayan 
Aiyer, 646 ; /. & S. Bull., 1950, 3(3), 3 ; Biswas, Indian 
j. agric. Sci., 194.9, 19 , 413 ; Kurien John, loc. cit.j. 

A modified practice adopted in rubber plantations is 
hedge planting, in which the trees are planted in 
rows, 40-80 ft. apart, with close planting along the 
hedge. The spaces between the rows are planted with 
cover plants or catch crops, like coffee, banana and 
tapioca. Hedge planting is said to possess some advan- 
tages as well as certain disadvantages and is still 
under investigation (Dijkman, 129-34; Cherian, 
Indian Ruhh. Bd, Serial Pamphl., No. 2, 1949, 15). 

In small holdings, para rubber is often grown not 
as an exclusive crop on virigin soil, but as one among 
other crops, such as coconut, tapioca and pepper, the 
area devoted to rubber being sometimes smaller than 
that of other crops. In such holdings, the amount of 
attention paid to cultivation and exploitation of 
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Rubber IM. hiiliii 


FIG. ». HKVEA BHASII.IENSIS-STRAIGIIT LINE PLANTING 

rubber trees is determined by tbe demand and |)ricc 
of rubber Plantation fnqniry Cowmissioji, 

pt Iflf Rubber, Govt. India, 1956, 98 loi). 

Propagation Propagation is done by seeds or vege- 
laiively by buddings or as is more common, l)y a 
combination of l)otb. Propagation by seeds was gene- 
rally ado])ted prior to 1917. Tbe tree flowers and 
fruits profusely. Tbe Iruits burst o[H.*n wben ripe and 
the .seeds are scattered, sometimes 70 100 ft. away 
from the tree. Tbe .seeds are gathered, and as they lose 
viability rapidly, are sown Iresb or as soon as po.ssi- 
l)le. Under proper storage, the seeds retain viability 
for about a week to to days ; but the viability may be 
extended to 4 to 6 weeks by packing them in char- 
coal powder or .saw dust with ij-ioVn moi.sture 
in special containers. Seeds collected from seed- 
ling trees arc sown only to raise stocks for budding. 
Otherwise, seeds from buddings of .selected clones, 
proved to be potential high yielders arc used. In S. 
India, the seeds are obtainable from July to Septem- 
ber (Dijkman, 43 ; Ycgna Narayan Aiyer, 645 ; 
Biswas, Indian J. agric. Sci., 1949, 19 , 413). 

Seedlings arc raised in nurseries or in baskets : they 
may also be planted directly at stake in tbe field. 
Germination takes 1-3 weeks depending upon ilie 
freshness of tbe seed and favourable ecological condi- 
tions. With due attention to watering, shading, etc., 
the seedlings attain a height of 3-4 It. in 6 months. 


'Phey are transplanted in the field during the monsoon 
(Yegna Narayan Aiyer, 645 : Grist, 78 : Dijkman, 43). 

'Frees raised from seeds show great variation in 
latex yield. It has been observed that in a given area 
of seedling trees, a major part (70-75%) of the total 
outiurn is obtained from 25-30% of trees. In order to 
exploit fully tbe high-yielding trees which are fewer 
in number, vegetative propagation by budding has 
been recommended. Buds taken from high-yielding 
trees are grafted on .seedlings and tbe resulting bud- 
grafts (clones) are u.sed for planting. 

'Fhe development of a clone, however, by budgrafl- 
ing is a laborious process involving observation and 
study of individual trees over a period of years, and 
skill and manipulation in grafting. Budgrafting with 
Hevea is not much different from sliieldbudding 
commonly practised with fruit trees, (drafting is 
usually done in tbe nursery. Bufis from selected trees, 
preferably from tender bratiches developed as a result 
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of pollarding old branches, arc grafted near the base 
of vigorous seedlings, about one year old (stem dia- 
meter, c. i.o inch). Budwood of different high-yield- 
ing clones is also produced in budwood multiplica- 
tion nurseries. Budded stocks are stumped at 4-6 in. 
above the bud patch, i-ij/i months after budding, 
and budded stumps are transplanted in the field 1--2 
weeks later when the buds become active. All the 
shoots which develop from the stock arc pruned off. 
(^nly the shoot developing from the grafted bud is 
allowed to grow. Although budding in the nursery 
is more easy to manipulate, budding in the field is 
preferred when weather conditions are uncertain 
(C'herian, Indian Rubb, Bd, Spec. Lcaft., No. 3. 1949 : 
(»rist, 80 ; Dijkman, 44-48 ; Kurien John, loc. cit.). 

High-yielding plants may be raised from seeds 
obtained by artificial or natural crossing between 
high-yielding clones or by ‘selling’ clones grown in 
large monoclone areas (from buddings of a single 
good clone) suitably isolated to prevent contamina- 
tion by foreign pollens. Seeds derived from band 
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FIG. 3S. HEVEA BRASILIENSIS— BUO-GRAFTING ; BUD PLACED 
IN POSITION ON THE SEEDLING 
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FIG. 36. HEVEA BRASILIENSIS-GRAFTED BUD SPROUTING OUT 

pdlination of a clonal tree or trees are termed ‘legiti- 
mate’ seeds, while those obtained from natural polli- 
nation where only the mother parent is known are 
‘illegitimate’ clonal seeds. Seedlings raised from clonal 
seeds, besides possessing the desired characteristics, 
have the added advantage that in raising them no 
loss of time is incurred through budding (Cherian, 
Plant. Chrmi., 1951, 46 , 550 ; Indian Rubb. Bd, Spec. 
Leall, No. 3, 1949). 

As a result of studies carried out during the past 
3 or 4 decades, particularly in Malaya and Indonesia, 
budgrafting and propagation by clonal seeds have 
become established practices in rubber planting. 
Clones and clonal seeds showing improved yields 
have been imported into India and tried in various 
areas. I’hc following are some of the clones tried: 
Avros (Au.) from Sumatra ; Bodjong Datar {B.D.)f 
Tjiraiidji (Tjir.) and Djasinga {Djs.) from Java ; Prang 
Besar (P.B.), New cloties 5 6* 6 series, Sabrang, 
Pilmoor B [Pil B) and Glenshiel (G/.) from 
Malaya ; and Heneratgoda, Hillcroft and Milla- 
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kande from Ceylon. A few among them have given 
promising results and arc used as planting materials. 
Recently, new clones, yielding up to 2,400 lb. of dry 
rubber per acre per annum have been developed in 
Malaya, Indonesia, liido-China and Ceylon. A num- 
ber of proved and promising new clones developed 
by the Rubber Research Instiiuie of Malaya has been 
obtained for testing and distribution. The Rubber 
Research Institute of India has evolved nearly 7<')o new 
clones by breeding and selection and they are being 
tested for distribution IDijkman, 155 ct seq, ; C'herian, 
Indian Rubb. Bd, Spec. I.eafl., No. 3, 1949 ; Cherian, 
Plant. Chron., 1951, 46 , 550 ; Indian Rubb. Gr.y 1954, 
3(4), 14]. 

Clonal seeds which arc comparable with imported 
ones in performance are being produced in S. T ravan- 


core, but the supply is limited. Selfed seeds of clone 
Tjir. I arc available in limited (piantity from isolated 
areas and from monoclone areas in some plantations. 
Large areas in .some plantations are also interplanted 
with other clones for producing illegitimate clonal 
seeds. Seeds are collected from selected parts of these 
areas, where the chances of contamination by foreign 
pollen are very little. Illegitimate seeds obtained from 
certain clones, the male parents of which are possibly 
buddings of other clones, have also given high yieUl- 
ing seed progeny. Considerable areas have been 
|)lanted with such seedlings. Table 5 gives the charac- 
teristics of clones and clonal seeds used as |)lanting 
materials in India | Cherian. Indian Rubb. Bd, Spec. 
Leaf!., No. 3, 1949; Plant. Chron., 1951, 46 , 550 : 
Indian Rubb. Hd Bull.^ *95*’ ^9 3 * *^5* *95-’ 2 , 44: 


TABLE CLONES & CLONAL SEEDLINGS RECOMMENDED FOR NEW PLANTING AND REPLANIING^ 


('i.oNi;s 


(Country of origin 


Kern.’irks 


Tjir. 1 

Java 

Trees gciuTally strong; sensilive to differeiiees in eliinatit' ennditinns ; lalex yiehls 
deeline during hot dry season and iiurease during wel and eold seasons; rcioin 
mended for large scale planting 

P.B. 86 

Malaya 

Prolific seeder ; susceptible to Phytophthora leaf disease ; iiu ideiice of Oidium leal 
disease mild ; reconimeiidcd for large scale planting in S. 'IVavancore 

(it. I 

Malaya 

Maintains high latex yield at 67^^ intensity tapping system ; sensitive to dry cundi- 
tions ; low incidence of Phytophthora leaf disease ; recommended for large scale 
planting 

Av. 355 

Indonesia 

Shy seeder ; low incidence of Phvtophthora leaf disease ; rec«)minended lor small 
scale planting 

Rroefestation 
{PR.) 107 
syn. L.C.B. 510 

[ndoncsia 

Prolific seeder ; reconiinended for small scale planting 

CJI.M. 6 

Nor known 

Reported to give high yields; bark renewal satishtetory : susceptible to Phytophthora 
leaf disease ; recommended for small seale planting 

P.B. New Clones 

5 Cy 6 series 

Malaya 

Latex yield fairly high ; high incidence of brown bast under 100“, , tapping intensity ; 
rci'ommerMled for small scale planting 

Nexv Chemara (C/i.) 
Clones 

Malaya 

Some clones promising and gave high latex yields in H 10 years from planting: 
recommended for small scale planting 

B.D. 10 

Java 

Shv seeder ; low incidence of Phytophthora leaf disease ; recommended for small 
scale planting 

.ONAL Seedlings 



P.B.I.C. seeds 

from Plots, C.D. E. 

Mahaya 

Latex yield satisfactory ; high incidence of brown bast in alternate-day tapping 
system ; recommended for large scale planting 

Tjir. 1 

Java 

Latex yield satisfactory; selfed and illegitimate seeds available in S. India : reconi 
meiKled for large scale planting 

P.B. ^Preliminary Proof 
& "Further Proof 
seeds 


‘Preliminary prooP sectls obtained from artificial crosses between proved parent 
clones aiid ‘further proof* .seeds from a second selection liased mainly on yiehl 
performance and .secondary characters are of su|>erior cpiality ; recommended for 
small .scale planting 

Chemara {Ch.) 
garden "B* seeds 

Malaya 

From Tjir. 1 and .TP. 157 parent clones; seeils recommended for small scale 
planting 

Chemara (Ch.) 
garden seeds 

Malaya 

From BR. 2, Tjir. 7, Pil. B 84, Lunderston N and P.B. 86 parent clones ; all except 
P.B. 86 proved to be good parents ; seeds recommended for small scale planting 


Cherian, Indian Rubb. Bdt Spec. Leafl., No. 3, 1949 ; Indian Rubb. Bd Bull., 1953 54, 3, 1. 
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1953-54, 3, 1 ; Indian Ruhh, Gr, 1954, 3 ( 4 ). 16 ; L & 
S. Bull., 1950, 3(3), 3]. 

To encourage the use of improved planting mate- 
rials, particularly by small holders, the Rubber Board 
distributes approved clonal seeds and clonal seedling 
stumps to growers at reduced rates. Seeds are supplied 
packed with powdered charcoal in gunny bags. Where 
seedlings are preferred, especially by small holders, 
the Rul)ber Board raises seedlings in special nurseries 
and supplies them. Seedling stumps are generally 
packed into bundles of 25 or 50, placing layers of 
leaves between them. In 1955, as many as 32,43,459 
seeds, mainly of clone Tijr. /, were distributed among 
1,989 holders. Seeds of clones Tijr. 16, Pil. B 84, P.B. 
5/739, P.B. 2S, P-B. 86 and B.D. 5, and mixed seeds 
from polyclone plantings were also supplied. In the 
same year, 35,500 clonal seedling stump and 8,925 
budded stumps were distributed. Nearly 24% of the 
area under rubber cultivation was brought under 


improved material (Tables 6 & 7) (Cherian, Indian 
Rubb. Bd Bull., 1951, 1 , 3 ; 1953-54, 3 , 43 ; Rep. Ruhb. 
Bd, 1955-56, 46). 

Cultural operations — ^These operations are more or 
less similar to those practised in tea and coffee planta- 
tions. In addition to fertilising planting pits and top 
dressing young plants, proper soil conditions are 
maintained by cultivating suitable cover crops and 
adopting soil conservation measures, such as bund- 
ing, terracing, silt pitting and drainage (With India, 
Raw Materials. IT, 31, 293 ; Dijkman, 24-27 : 
Grist, 82). 

Among the factors responsible for the loss of soil 
fertility in rubber plantations of S. India, mention 
may be made of heavy rainfall, leading to soil erosion, 
and high tem|)eratiire, causing partial soil sterilisation 
and loss of humus due to oxidation. 'Fhe loss is parti- 
cularly severe in young plantations. Cultivation of 
close-growing cover crops is recommended to check 
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soil erosion and surface run-off. The following 
legumes arc generally used for the purpose : Pxicrana 
pluiseoloides Bcnth., Centrosema pubescens Bcnth. 
and species of Imlifrofcra, Desmodium, Crotalaria 
and Tephrosia. Albizzia and Gliricidia spp. are used 
sometimes as shade trees, 'fhey provide a green mulch 
and keep the soil in a state of fine tilth to a depth 
of several inches |Dijkman, 20-40; Kuricn Jolin, /. 
sci. mdustr. Res,, 1943 -44, 2 , 124; Cherian, Indian 
Rubb, Bd, Serial PamphL, No. i, 3; I, S. Bull., 
1950, 3(3), 3 ; Kaimal, Indian Rubb, Bd Bull., 1952, 
2 , 6 ; Yegna Narayan Aiyer, 649 : Use of lA^guminous 
Plants, 143 ; Grist, Si |. 

Cover crops often rend to retard tlie development 
of young rubber plants, while older plants are great- 
ly benefited. Delayed growth in young [)laniations 
is, however, compensated by the advantages derived, 
viz. prevention of soil erosion and enrichment of 

l ABLh 6-ANNUAI. plantings WITH DIFFERnN l' PLANTING 
MATERIAL.S* (1938-1956) 

{area in aercs) 



Ordinary 

socdliiiKs 

Clnnal 
sml lings 

Hiidgraft.s 

Total 

Planted rarlier 
Ilian 

95.832 

338 

7, .>66 

1.03,7.V» 

PMS 

541 

15 

1,276 

1,832 


I.2.S5 

527 

2,322 

4.104 

l‘MO 

1,775 

517 

1,862 

4.1.54 

PHI 

776 

87 

1,315 

2,178 

1942 

3,049 

576 

2,385 

6.010 

194.^ 

10,150 

1,630 

2,768 

14,.548 

1944 

8,591 

1,345 

1 ,500 

11,4.16 

1945 

7.690 

2,599 

725 

11.014 

1946 

4,469 

718 

585 

.5.772 

1947 

5,099 

494 

899 

6,492 

1948 

3.790 

206 

526 

4,522 

1949 

2,173 

246 

308 

2,727 

1950 

1,958 

436 

265 

2.6.59 

1951 

616 

514 

612 

1,742 

1952 

1,334 

643 

702 

2.679 

195.^ 

1,934 

.397 

929 

4,260 

1954 

5,792 

.3.019 

1,323 

10,1.34 

1955 

12,264 

5,020 

1.099 

18,383 

I9.S6 

8.279 

6.020 

1,670 

15,969 

Total planted 

AREA 1,77,367 

26,347 

.30,637 

2..34..351 

*Rrp. Rubb. 

R(K 1956 .S7. 

appx T. 




TABLE 7-ACREAGE UNDER DIFFERENT PIANTING MATERIALS 


IN ESTATES AND SMALL HOLDINGS^ 

(DEC. 1936) 


Estates 

Small 

holdings 

Total 

Vo total 
acreage 

Ordinary seedlings 

81.184 

96,183 

1,77.367 

76 

Clonal seedlings 

1.1,219 

1.3.128 

26,347 

11 

BudgraCls 

25,653 

4,984 

30.637 

11 

• Rubb. Bit Bull., 

19.56-57, 

4 (4), 80. 




soil. Among the cover crops tried, Pueraria phaseo- 
loides has given good results in S. India. Trials 
in Malaya and Indonesia have shown that Centru- 
sema pubcscois is the hest for older jilantations 
(Dijkman, 27 ; C.herian, Indian Rubb. Bd, Serial 
Paniphl., No. i. 3 ; Kaimal, Indian Rubb, Bd Bull., 
1952. 2, 6). 

The need for manuring was not felt at the 
early stages of the plantation indtistry in India, as 
the trees were raisecl on rich virgin soils. But wheti 
cultivated lands came to be used for planting, as in 
many of the stnall holdings in Kerala, manuring 
became necessary. Nitrogenous fertili/ers, particular 
ly sulphate of ammonia, was found not only to hel|i 
growth, but also to counteract and alleviate the ill 
effects of Oidiuni leaf disease. Applications of com- 
plete fertilizers, including potash and phosphate, how- 
ever, gave better results, particularly in areas which 
have In^en under rubber for 20-30 years and where 
replanting with high-yielding trees is contemplated. 
Manuring is beneficial to growth, hark renewal and 
latex yield during early stages. Its effects on latex 
yield from older trees, however, are nor immediate : 
it brings about a gradual improvement in the condi- 
tion of the trees and serves as a restorative to foliage 
deterioration, hark renewal and consecpient yield 
increase. Manurial ex|K*rimcnts conducted so far 
have shown, that a mature stand of 150 trees removes 
from the soil approximately 5,5cx) Ih. of nitrogen, 
8,250 lb. phosphoric acid and 6,650 lb. potash. In 
order to replenish in part at least, the nutrients thus 
lost, it is necessary to adopt a regular manuring sche- 
dule. Schedules suitable for Indian conditions, not 
only for mature trees under tapping, bur also for 
young rubber trees in pre-tapping stage and for seed- 
lings in the nurseries have been drawn u|) (Table 8). 
The application of these mixtures is made in one or 
more doses. In case where magnesium deficiency is 
indicated by yellowing of the leaves between the veins, 
addition of magnesium sulphate at the rate of 10 lb. 
for every 100 lb. of mixture is advised [Haines & 
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TABLE ^-COMPOSITION OP FERTILIZER MIXTURES* 
(per cent by weight) 



A 

B 

C 

Ammonium sulphate 

40 

37 

.35 

Kaw boncnical 
(3% N & 22% P.O.) 

. , 

10 

15 

Rock phosphate 

(35?i P,(),) 

28 

28 

20 

.Superphosphate 
(16% P.OJ 

15 


, , 

Pot. chloride (60% K^O) 

17 

20 

20 

Groundnut meal 

. . 

5 

10 

Percentage of N, Pj,Og 
& KjO respectively in 
mixtures 

8-12-10 

8-12-12 

8-10-12 

• Nair, Ruhh. Bd Buil., 
R--For young rubber. G- 

1957, 4 (2 df 3), 7. A— For 
For trees in tapping. 

nursery. 


Giicsi, /v/;i/). J. exp. Afrric., 1936, 4 , ^iyo ; Lock, 1 16 ; 
IiuImh Rtihh. Bd Bull., loc 3 , 46 ; Nair, Rnhh. 
Bd Bull., 1957, 4(2 & 3). 7|. 

Diseaaes — As many as 95 species of fungi have been 
recorded on rubber trees in Malaya, but most of them 
are harmless. In India, rubber trees are relatively free 
from root diseases, but the incidence of leaf diseases 
is rather severe. 

Some of the serious diseases of rubber are caused 
by Phytophthora spp. P. pabnivora Butler (syn. P. 
meadii McRae) is common in India and causes fruit 
rot, leaf fall and black thread. Fruit rot and abnormal 
(secondary) leaf fall arc inter-related and their out- 
break is attributed to the extreme monsoon climate 
prevailing in Indian plantations. The fruits are first 
affected ; the affected fruits begin to show dull, ashy 
grey portions on the surface : drops of latex appear, 
and the surface finally becomes dark and sodden. 
Decayed fruits remain hanging on the tree for a 
considerable time and then fall off. With the onset 
of S.W. monsoon, infected trees begin to shed leaves, 
the leaf fall being most noticeable in July- August. 
The leaf stalk is discoloured and blackish brown for 
the greater part of its length ; it may also remain 
green. Discoloured stalks often bear small drops 
of latex (MacRae, Plant. Chron., 1916, 11 , 459 ; 
McRae & Sundararaman, ibid., 1915, 10, 452 : Fetch, 

ifx>-i05). 

Spraying with Bordeaux mixture before the onset 
of monsoon has been recommended as an effective 
control measure, l^usting with 6% Cuprosana is 
reported to give satisfactory results. Development of 


resistant varieties provides the most effective solution. 
A high correlation exists between the rate of fruit 
setting and incidence of the disease, and high-yielding 
clones which do not bear fruits are resistant. Clones 
B.D. to and AV. 255, which arc shy seeders, are 
resistant to fruit rot. GL / is also fairly resistant 
(Fetch, 107-11 ; Kaimal, Indian Ruhh. Bd Bull., 
*953-54» 3 , 37 ; Venkataramani, ibid., 1953-54, 3 , 94 ; 
Plant. Chron., 1954, 49 , 513). 

Black thread (black stripe, blackline canker, bark 
rot, decay of renewing bark, cambium rot and stripe 
canker) is another Phytophthora disease, which mani- 
fests itself as a .series of narrow, vertical, hlack lines 
parallel to one another, just above the lapping cut. 
The lines broaden out laterally and coalesce to form 
a continuous wound parallel to the tapping cut. 
Sometimes the lines extend into the wood. Wet 
weather favours the onset of di.sease. Fainting of 
tapping cuts, after each tapping, with a 5% solution 
of Brunolinum, Brunolinum Plantarium, Carboli- 
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FIG. 38. HEVEA BRASILIENSIS->TREES RENDERED LEAFLESS BY 
P. PALMIVORA INFECTION 
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iicuin Plantariiim, Agrisol, Soligniim or Jodelite, 
[)re vents the incidence of black thread (Petch, i iy-25, 
133 ; Dijkman, 148). 

Die-back due to Pliytophthora sp. follows abnor- 
mal leaf fall. A common dic-back disease on seedlings 
and budded rubber saplings (2-3 years old) is caused 
by species of Clocosporium and Phyllosticta. Botryo- 
(liplodin clastica Petch and B, theohromae Pat. also 
cause a dic-back which manifests first at the top and 
[)rogresses rapidly down the main stem killing off the 
branches in succession. The infection enters the stem 
through shoots killed by Gloeosponum and Phyllo- 
sticta spp. Water-logged conditions, presence of hard 
rocks at the soil surface and nutrient deficiency 
also cause dic-back. The disease is controlled by 
cutting off the affected parts, about a foot below the 
dead part, and burning them (McRae, Plant. Cliron., 
1916, 11, 459; Petch, 106, *45 -51; Kaimal, Indum 
Ridtb. Bd IhdL, 1953-54, 37)- 

Powdery or leaf mildew is (aused by Oidium 
heveae Steinmann. The fungus attacks young leaves 
refoliating after annual wintering, particularly late 
wintering trees. Young, tender, brown leaves just un- 
folding are usually attacked on the underside of the 
midrib. They shrivel from the point of infection to 
the tip, turn purplish and then black, curl up and 
fall off. Light showers followed by cool and cloudy 
weather during refoliation favour the outbreak of 
disease. The disease occurs in a virulent form in hilly 
areas at altitudes of 1,000 ft. and above, particularly 
in S. Travancore where the climate is drier and the 
rainfall much less than in central or norili Travan- 
core. It usually assumes a .severe phase in February. 
Spraying with Bordeaux mixture and dusting with 
sulphur powder are recommended as control 
measures (Petch, 91-93, 98 ; Mirra & Mehta, Indian 
}. agric. Sci., 1938, 8, 185 ; Indian Rubb. Bd Bull., 
1953-54, 3, 57 ; Dijkinan, 150 ; Adv. Circ. Rubb. Res. 
Inst., Ceylon, No. 43, 1954). 

Pink disease caused by Pcllicttlaria sahnonicolor 
(Berk. & Br.) Dastur (syn. Corticium sahnonicolor 
Berk. & Br.) manifests itself as a pink encrustation on 
the bark. It originates at the forking of branches or 
in areas where several branches arise from a single 
main stem. The pink patch gradually exteiuls and 
covers the circumference and the ba.ses of adjacent 
branches up to several feet. The bark in the centre 
of the patch dies out but that towards the margin 
may still be alive. The dead bark cracks and splits 
away from the wood and the fungus penetrates into 
the wood beneath. The disease is checked in the 


early stages of attack by spraying with Bordeaux 
mixture or painting with Fylomac 90. Cutting of 
affected parts followed by application of coal tar to 
the wound is recommended in ibe case of mature 
trees. Painting with Carbolincum mixture or asphalt- 
kerosene mixture is also recommended (Petch, 134- 
42 ; Indiaji Rubb. Bd Bull., 1951, L 97 ; Dijkman, 
*50). 

Mouldy rot is a disease of the tapping panel 
caused by Ceratostomvlla Innbricaia (F. & M.) Jac. 
[Sphacronema fimbricatum). The fungus infects 
expo.scd soft tissues of freshly tapped bark under 
damp conditions. The disease manifests as small dis- 
coloured patches, darker than the normal tapped 
cortex, which subse(|uently spread and coalesce to 
form an irregular band of dead tissue, parallel to and 
about an inch above the tapping cut. The affected 
l)ark rots within 3*4 weeks, forming large open 
wounds and exposing diseased and discoloured wood. 
If tapping is ctmtinued, the disease follows the tap- 
ping cut down the .stem. The dead tissue scales off 
on drying and islands of callus are formed beneath. 
S.W. monsoon favours the outbreak of the disease. 
Infected trees should be rested for at least a month : 
painting with ‘Burma paste’ or weak I /.a I preparations 
and disinfection of collecting cups and tapping knives 
are recommended (Petch, *53-54 ; Dijkman, 149 ; 
K.aimal, Indian Rubb. Bd Hull., 1953-54, 3, 37 : 

Yegna Narayan Aiyer, 657). 

Brown bast is a physiological disease which causes 
drying up of a part or whole of the tapping cut, 
with con.secjuent cessation f)f latex flow. 'I'lie disease 
is caused by over-lapping. Affected tissue becomes 
tiiscoloured and cankerous wood growth, which may 
de.stroy the tapping panel, may <levelop. Less 

intensive tapping and resting of trees are effective 
again.st brown bast incidence (Petch, 169-80; 

Kaimal, Indian Rubb. Bd Bull., 1953-54, 3, 37 ; 

Dijkman, 151). 

Other diseases of rubber recorded in fndia, but not 
considered serious, arc: brown root rot \lunncs lania- 
oensis (Mtirr.) Sacc. & Trott.j, red rot (Sphacroslilbr 
repens Berk. & Br.), charcoal rot \Ustuliua maxima 
(Web) von Wettstein syn. V. zonata (lx.*v.) Sacc.|. 
leaf .sj)oi [Collctotrichum heveae JVtch), bird's eye 
spot (Ilelminthosporium heveae Petch), white spongy 
rot (Polysticius personii Fr.) and rim blight (Sphae- 
rclla heveae Petch) {Indian J. agric. Sci., 1950, 20, 
107, Kaimal, Indian Rubb. Bd Bull., 1953-54, 3, 37 ; 
Dijkman, 144-147). 

S|>ecies of Loranthus are frctjucntly found growing 
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parasitically ori ihc branches of rubber trees. They 
should be removed by cutting and affected branches 
pruned. Spraying with 2% 2,4,5-T in diesel oil 
is reported to have given promising results (Rep. 
Ruhb. Bel, 1955-56, 38). 

/Vn/.s— Rubber trees are not subject to any serious 
pests, 'rhe mango stem borer beetle (Batoccra ruhus 
L.), bark beetle (Xylvhorus biporus S.) and scale 
insects (Aspidiotus cymiophylli S. and Srmsetia nigra 
N.) sometimes cause damage. Horses, cattle, goats, 
monkeys, wild pigs, deer, porcupines, antelojK's, rats, 
squirrels and rodents cause damage to the trunk, 
branches and bark of nibbcr trees. Wild elephants 
are a menace in interior planting districts. White 
ants cause serious damage to trees at all stages. In 
Indonesia, a giant snail is reported to he a seriotis pest 
lo y<nmg rubber plantings |Ramakrishna Ayyar, 
365 ; Petch, 223 -24 ; Grist, Sg; I. 6 f S. Bull., 1950, 
3(3), 3 ; Dijkman, 153]. 


Tapping 

II. brasiliensis is valued for the latex obtained by 
tapping, i.e. opening up the latex vessels situated in 
the bark with a sharp incision on the main trunk. 
The latex vessels are arranged in concentric cylinders 
and run in counter-clockwise spirals up the trunk. 
When the vessels arc cut, the latex flows out, (piickly 
at first, then slowly, and finally coagulating on the 
cut surface. The tree is rested after each cut for 
varying periods according to age, climate and 
condition of the tree. When the tree is tapjK'd again, 
the coagulated latex or ‘phig’ from the old 
cut surface is removed and a thin strip of bark 
of approximately the .same width as that of the 
plug is cut off. During the first tapping, only a 
small amount of viscous latex exudes. The flow 
increases with each successive tapping and the 
viscosity decreases till an etjuilibrium between the 
amount of latex and its rubber content is reached 



FIG. )9. IIEVEA BRASIMENSIS— TAPPING TREES IN AN ESTATE 
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(Kaimal, hiduin Ruhh, Bd Bull,, 1951, 1 , 25; Grist, 
84 ; Dijkman, 70). 

Tapping consists in the removal, by excision, of a 
thin paring of bark, 1/30-1/20 in. thick, at regular 
intervals, the cuts being opened always at an angle 
to the horizontal. Usually, the cut extends half way 
around the trunk, but (juite often, it may completely 
encircle it. Based on the type and extent of cut 
made, tapping systems are termed Half Spiral system. 
Full Spiral system, V-cut system and Herring Bone 
system. In the single half-spiral system, which is 
more commonly employed in the plantations of 
South-east Asia, the cut is made at 30-35® to the 
horizontal, from the upper left to the lower right, 
lialf way around the tree ; at the lower end of the cut, 
a vertical cut is made to conduct the latex to a cup 
placed below. In the V-cut system, two slanting inci- 
sions are made and at the base of their junction below, 
a cup is fitted to receive the latex. The herring bone 
system was much in vogue in the earlier years of the 
plantation industry ; a vertical cut was made in the 
bark with 4-6 diagonal cuts draining into the verti- 
cal cut from either side and extending from one- 
fourth to one-half the circumference of the tree. 
Wild rubber is tapped in Brazil by making vertical 
iticisions in the bark with an iron axe and the latex 
is collected in tin cups (Grist, 85 ; Yegna Narayan 
Aiyer, 651). 

Uniform methods of measuring and naming the 
systems in terms of type, number and length of cuts 
per tree, and period and cycle of tapping have been 
evolved in plantations. 'Fhe amount of tapping is 
expressed as a fraction of the circumference. For 
estimating the relative intensity, a quarter cut tapped 
daily is taken as the standard (100%). In S. India, 
the half spiral, alternate day tapping {S/2, d/2, 100%) 
is usually employed. Young gardens are not subjected 
to 100% relative tapping intensity. In Malaya and 
Indonesia, systems, such as one third spiral, alternate 
day tapping (S/3, d/2, 67%) and half spiral, every 
third day tapping (S/2, d/3, 67%) are employed 
(Dijkman, 74; Fuller, Eton, Bot., 1951, 5 , 31 1). 

Only the basal portion of the trunk, up to 4 ft. 
from the ground, is usually tapped, although the 
initial height for opening the cut on young trees 
varies with seedlings and buddings. In clonal seed- 
lings, the number of latex vessels and the bark thick- 
ness increase towards the base ; the tapping cut is, 
therefore, made at a lower height than in buddings ; 
in buddings the position of the tapping cut causes 
little difference in latex yield. 



FIG. 40 . HEVEA BRASILIENSIS-BA.SAL PORTION OF TREE WITH 
TAPPING PANEL AND LATEX OIP 

Cuts arc made by special tapping knives, which 
can be adjusted to cut to the proper depth and angle. 
The knife commonly used in India is the Mic/iic 
Golledgc tlesigned to remove a thin shaving of bark, 
leaving a surface sloping slightly inwards to prevent 
the latex from overflowing down the bark. 'I'hc 
diagonal left-to-right cut intercepts the maximum 
number of latex vessels. The latex is collected 
through a small spout (fixed into the bark) in a cup 
made of tinplate, aluminium or enamelled iron ; 
coconut shells may also be used. The cup is of suffi- 
cient size to hold a day's flow, 'lapping is invariably 
done early in the morning when the flow of latex is 
vigorous, 'rhe How diminishes with rise in tempera- 
ture and ceases in about 3 hours. Depending upon 
the distance of planting and lie of the land, an 
average tapper taps 2oo-3(X) trees, in three hours. 
After the last groove has been cut, the tapjier goes 
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as against i-ij^ mm. allowed in Malaya and Indo- 
nesia. The higher margin allowed in India is due to 
the comparatively poor rate of bark renewal. Further, 
bark about 1/30 in. thick is removed per tapping 
day in India, compared to i /20 inch in Malaya and 
Indonesia, the corresponding monthly bark consump- 
tion being in. and in. Starting with an initial 
height of about 40 in. from the ground, it takes 
nearly 60-80 months before the bark from one lialf 
of the tree trunk is removed down to the ground 
level. When this panel is completed a fresh panel on 
the opposite side of the tree is taken up and tapping 
is continued for 5-6 years, during which time the 
first half has regenerated new bark and becomes 
ready for tapj)ing. The tapping of alternate panels at 
intervals of 5- 6 years is continued till the tree comes 
to the end of its lapping life. 

Tapping commences when the tree is 7-8 years 
old. In Malaya and Indonesia, tapping commences 



FIG. 41. HEVEA BRASILIBNSIS-TAPPERS TAKING LATEX TO IHB FACTORY 


back to empty the cups. A few drops of dilute 
ammonia solution are sometimes added to the latex 
to prevent coagulation. The latex is transferred 
into large pails or buckets, thence to tanks and 
iransported to coagulating sheds or estate facto- 
ries (Kaimal. Induin Ruhh, Bd Bull., 1951, 1 , 25; 
Grist, 86; Dijkman, 70; ludian Rubh. Bd, Scrud 
I'amphi, No. 3, 1949, 15 ; Yegna Narayan Aiyer, 
: Kurien John, /. sci. iudmtr. Res., 1943-44, 
2, 124). 

rhe depth of tapping and the rate of l)ark con- 
sumption (rate at which bark is shaved) exert consi- 
derable influence on latex production. The yield 
increases with increase in the depth of scraping due 
to the opening up of more latex vessels. Injury to 
camlnal tissues, which regenerate the cut bark and 
inainrain productivity by forming new latex vessels, 
must be avoided. In S. India, a safe margin of 2-2^2 
inm. of bark above the cambial zone is left untapped. 
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when the trees are 5-6 years old. The yield of latex 
increases every year and reaches the maximum when 
the tree is about 20 years old. Under proper managC' 
ment, the yield may he sustained for 40-50 years or 
even more (Dijkinan, 70 ; Grist, 84 ; Puller, loc. cit. ; 
Kaimal, Indian Ruhb. Rd Btdl., 1951, 1, 25). 

During World War II, efforts were made to aug- 
ment ruhher production in India hy adopting a 
system of intensive tapping. Two parallel cuts, c. 15 
in. apart, were made half way around the tree and a 
cycle of fliree days was adopted. This method gives 
Itigher latex yields than the half spiral, alternate day 
system (Kurien John, /. sci. indust r. Res,, 1943-44, 

2* 1 24)* 

While tapping schedules in large estates are based 
on a study of bark consumption and regeneration, 
many small holdings follow a .system of daily tap- 
ping without attention to hark regeneration. This 
practice affects the health and longevity of trees 
(Kaimal, Indian Ruhb. Bd Bull., 1951, 1 , 25). 

The yield of ruhher can he increased hy treating 
the hark, below the tapping cut, with yield-stimulat- 
ing mixtures, containing plant hormones and selec- 
tive weed-killers with hormone properties. Proprie- 
tary mixtures, e.g. Stimulex and Kureka, and the 
sodium .salt of /;-hutyl ester of 2, 4-dichlorophenoxy 
acetic acid (2, 4-D), at concentrations of 1-2% in 
palm oil, arc effective in increasing latex yield. It 
has been found that the response to stimulants is 
better in jjoor to average yielding trees than in high- 
yielding ones, and in seedling trees than in hudgrafts. 
rndole-3-acelic acid, indole-hut yric acid and lanolin 
may he employed for stimulating hark renewal. 
Tndolc-3-acetic acid is effective in high concentrations, 
at least in the early stages, while indole-hutyric acid 
is most effective at low concentrations ; lanolin in- 
creases hark renewal hy 17% in the first month of 
application. Injection of copper sulphate in holes 
bored into the trees at the level of the cut also in- 
creases latex yield ; hut the treatment is not recom- 
mended as it has unde.sirabic side effects. Many 
rubber estates in India employ 2,4,5-T in palm oil 
to stimulate latex yield from low-yielding trees. 
Attempts are being made Xi, replace palm t)il by 
locally available oils (Chapman, Indian Rubb. Bd 
Bull., 1952, 2j 16 ; 1953-54. 3 , 8, 62 : Tixier, ibid., 
1952, 2 , 22 ; Miizik, Pap. Mich. Acad. Set., 1949, 35 , 
53 ; Rep. Rubb. Bd, 1955-56, 28). 

Yield — The average yield of latex per acre in 
India (Table 9) from unselected ordinary seedling 
trees (which account for 80% of the ruhher) is 300 


11 )., as compared to 450 Ih. for similar trees in Mal.aya. 
For improving the yield, it is essential that new 
plantings or replantings should he done .solely wiili 
improved planting materials. The yield from hud- 
graftecl trees of approved clones and from clonal 
seedlings of approved parentage is twice, sometimes 
more, than that obtained from unselected .seedlings. 
An average yield of 7(K) 800 Ih. per acre has been 
obtained with improved planting materials in India, 
although yields as high as i,5(m>-2,ooo lb. per acre 
have been reported from Malaya, java, Sumatra and 
Ceylon. 'Fhe low yields in India are attributed to 
climatic and .soil conditions, .sea.sonal fluctuations 
and the comparatively small number of mature hud- 
grafted and clonal .seedlings under tapping. The 
yields also show great lluclualions from month to 



TABI.K 9— AVERAGF 

: Yik'M) or 

• RUBBER* 



(lb. per a<re 

of tapped 

area) 



l‘>.s0 

1951 

1952 19.S5 

1954 

'rra\ aiicore-t^Hhin ^ 1 0 

51.1 

556 .105 

278 

Madras 

2»7 

281 

275 242 

255 

(>.<»rK 

2.S6 

270 

265 265 

258 

My.stirc* 

I.s8 

1.S8 

145 159 

208 

All-India 

m 

.107 

525 294 

274 

* Ruhhc 

r in India. I9.S4, 

fable 5. 



TABI.F 10— MONHtl.Y PRODUCTION OF 

RUBBER IN INDIAN 



in loii.s) 




195054 

1955 

1956 



(av.) 




January 

1.62S 

1.700 

2,085 

2.190 

February 

.UH 

454 

976 

1.165 

March 

1.054 

1,529 

1,279 

1.220 

April 

1,858 

2.277 

1.826 

2.072 

May 

1,751 

2.085 

1.985 

1 .645 

June 

1,019 

1,057 

1.484 

750 

J'''y 

1,177 

1,6.16 

1.7 

1.499 

August 

l,4r)f) 

1.7.S6 

1.7.S0 

2.541 

.Se|ncinher 

2,106 

2,510 

2,29.1 

2,712 

October 

2.056 

2,4.SO 

2,526 

2,768 

Nt»veinlH*r 

2, .119 

2.680 

2.800 

2,855 

Decembvr 

2,.U7 

2.787 

2,914 

2,5.SO 

T'*»t.\i- 

19,049 

22.481 

25.444 

25,767 

• Ruhb. 

m Bull., 1956 57, 

4 (4). 85. 
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month (Table lo). The average number of tappings 
per year ranges from 120 to 140 in India as against 
160 in Malaya, where the rains arc more evenly distri- 
buted throughout the year and the monsoon docs not 
seriously interfere with tapping 0|X?rations [Fuller, 
loc. cit. ; Kaimal, Ruhh. India, Spec, Conf, Number, 
1954, 6, 27 ; Indian Ruhh. Bull., No. 75, 1955, 9 ; 
Ycgna Narayan Aiyer, 654 ; /. & S. Bull., 1950, 
3(3). 3l- 

Lait.x 

Physical properties -Fresh latex is usually milky 
white in colour ; it may be grey, yellow or slightly 
pink, depending upon the season and local conditions. 
The latex drawn from a tree which has been rested 
for some time is yellow ; the colour changes to milky 
white after the tapping is continued for a few days. 
Fresh latex has the following physical characteris- 
tics: sp. gr.. 0.970-0.980: viscosity at 28° (Garter’s 
pipette viscometer), 8.0 : and surface tension at 30°, 
40.5 dynes/cm. The viscosity of latex varies with the 
concentration of rubber, size of rubber particles, 
duration of tapping, age of the tree, and other factors. 
Ammoniated latex has a much lower viscosity (4-5.5) 
than raw latex. The surface tension decreases when 
latex is stored for some months. 

Latex as it flows from the tree is almost neutral in 
reaction (pi I, c. 7) : it turns acid readily owing to 
enzymic and bacterial action and the latex coagulates 
when left standing for some time. The particles in 
the frcsli latex carry a negative charge with a contact 
potential of -0.035 volts; they become positively 
charged when sulficient acid is added to bring down 
the pll to 3.5. 

Coagulation of latex is brought about by the addi- 
tion of acids, neutral salts and water-miscible organic 
solvents, such as alcohol and acetone. Acids depress 
the ionization of the interfacial film and so reduce 
the particle charge ; salts (particularly di- and tri- 
valent cations) increase the concentration of positive 
ions in the ionic atmosphere, and solvents reduce the 
hydration of particles. Coagulation is also brought 
about by excessive friction, addition of protein precipi- 
lants and evaporation (Flint, 51-70 ; Kirk & Othmer, 
XI, 820 : Thorpe, X. 554). 

Chemical properties — ^The latex obtained by tap- 
ping H. hrasiliensis is essentially a colloidal suspen- 
sion of rubber particles in an a(|uenus serum. The 
particles range in size from 0.03/* to 3.0/1 (av. 0.5/*) 
in diameter and are spherical to pear-shaped in form. 
Small spherical particles are characteristic of latex 


from young trees, while large pear-shaped ones, 
formed by the coalescing of smaller spherical parti- 
cles are typical of latex from mature trees. The in- 
dividual particles consist of three parts: an interior 
semi-fluid material of pure rubber hydrocarbon 
soluble in benzene, a viscous rubber skin permeable 
to l^enzene (but only slightly soluble in benzene), 
and an external protective layer, probably proteinous 
in nature, which is lyophilic (Flint, 71-81 ; Bonner 
& Galston, Bot. Rev., 1947, 13, 543). 

Besides rubber particles, fresh undiluted latex 
contains yellowish particles, termed lutoids, in col- 
loidal dispersion. The lutoid particles are composed 
of a viscous protein phase with high inagncsiuin 
content (Kirk & Othmer, XI, 820 ; Stevens, 19). 

The latex contains 25-40% (av. 30%) rubber hydro- 
carbon. Analyses of latex from 4-year old and lo-year 
old trees gave the following values respectively : water 
70.00, 60.00: rubber hydrocarbon, 27.07, 35.62; acctonc- 
sol. matter. 1.22, 1.65; protein, 1.47, 2.03; and ash, 
0.24, 0.70%. The rubber and non-rubber contents in- 
crease as the age of the tree advances from 4 to 10 
years, after which the increase is not perceptible. The 
composition of latex from tender twigs and leaves 
differs from that of latex tapped from the trunk. 
Analysis of latex from the leaf petioles gave (dry 
matter): rubber, 78.7; ash, 1.2; proteins, 13.0; and 
acetone-sol. matter, 7.1%. The latex from the hard 
bark is richer in rubber, and correspondingly poorer 
in nitrogenous compounds, acetone-soluble matter 
and ash than the latex from the soft bark ; the pll 
is higher (Thorpe, X, 554 ; Flint, 62-64 ; Stevens & 
Stevens, 23 ; Dijkman, 91). 

Non-rubber constituents present in the latex in- 
clude proteins, resins, sugars and glycosides, tannins, 
alkaloids and mineral salts ; some of them are ad- 
sorbed on the surface of the rubl)er particles, while 
others are present in the serum. The following con- 
stituents have been reported in fresh latex (moisture, 
69.78; rubber hydrocarbon. 27.17%): a complex 
containing protein, phosphate, sugars, quebrachitol 
and inorganic compounds, 1.45 ; ether soluble plastic 
material containing sulphur, 0.94 ; a complex of 
saturated and iinsaturated fatty acids with tcrpcnic 
material, 0.33 ; high aliphatic alcohol ester of a water- 
soluble aldchydic or ketonic acid, 0.06 ; and ammo- 
nium salt of a water-soluble aldchydic or ketonic 
acid, 0.03%. Some of the non-rubber constituents help 
stabilisation of the latex, some affect the color, and 
others influence the physical characteristics of rubber 
(Kirk & Othmer, XI, 818, 820). 
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The nitrogenous compounds of latex include at 
least three types of proteins, viz. glutelin, glohulin 
and albumin ; glycine and other monoamino and 
diamino acids and amides are also present. The pro- 
teins occur as an adsorbed layer on the surface of 
rubber particles and are responsible for their lyo- 
philic character ; the rubber hydrocarbon itself is 
lyophobic. The proteins present in the scrum (0.3-- 
0.5%) are similar to those present in the adsorbed 
form (Davis & Blake, 600 ; Kirk & Othmer, Xf, 819 : 
Bonner & Galston, loc. cit.). 

The acetone-soluble matter (latex resins) is a com- 
plex mixture of fatty acids, fats and phytosterols. 
The resins arc believed to occur in fresh latex as dis- 
persed particles comparable in size and shape to 
rubber globules. Some of them arc retained in pre- 
pared rubber and help to protect the hydrocarbon 
against atmospheric oxidation. Two sterols (Ca7H4203 
and C2„IIn„0) possessing protective properties have 
been isolated from the unsaponifiable fraction of the 
acetone extract. Phosphatides (0.1 -0.2%) present in 
the latex con.sist of equal proportions of lecithin and 
of calcium and potassium salts of phosphatide acids. 
The phosphatide fatty acids (iod. val., 90-112) con- 
tain: 21-26% saturated acids (palmitic, stearic and 
arachidic) and 79-74% tinsaturated acids (oleic and 
linoleic) (Stevens & Stevens, 22 ; Hilditch, 1947, 207 : 
Flint, 90 ; Davis & Blake, 601). 

Sugars anti glycosides act as intermediates in the 
biosynthesis of rubber from cellulose and starch. 
Dambonitol, bornesitol, matezitol, dambose and (|ue- 
brachitol (o.5-2.o%) have been identified. The last 
named compound may be extracted from the senim 
after the coagulation of rtiblx^r and usetl in the pre- 
paration of lacquers (Flint, 99 ; Alphen, fndustr. 
Etif^ng Chew., 1951,43, 14 1). 

Fresh latex contains oxidase, peroxidase, catalase, 
tyrosinase and esterase. The esterase hydrolyses simple 
esters readily (Wehmer, 11 , 679 ; Haan-flomans, 
hidustr. Engng Chew., 1951, 43 , 403). 

The ash constituents present in fresh latex 
(ash content, 0.3-0.7‘X,) are: PjO;,. 36.1-37.3; KjO, 
35.6-40.7 : Mgd, 4.4-5 * • CaO, 4-9-.5 0; Na^O, 4.4- 
6.2 ; FejOa, 1.5-1.7 ; AI2O3, o. 5-<).6 ; SiO,, 2. 1-2.5; 
Cl, 1.5-2.8; and SO.,, i.6-i.9% ; rubidium, copper 
and mangane.se are present. The presence of inorganic 
.salts renders latex films water-ab.sorbent (Bonner 
Galston, loc. cit.; Kirk & Othmer, XT. 819 : Davis 
& Blake, 601). 

Preservation & concentration — Fresh latex is readi- 
ly susceptible to enzymic and bacterial action leading 


to acid formation, and pre.servativcs and bactericides 
are usually added to latex at the time of collection 
to inhibit acid development and consequent coagu- 
lation. Ammonia, formaldehyde, sodium hydroxide, 
soap, and bactericides, such as pentachlorphenol, arc 
iKsed as prc.scrvative.s. In plantation practice, a small 
quantity of ammoniated water is placed in the 
collection cup ; the latex, after pooling, is treated with 
ammonia (gas) to raise the concentration to o. 1-1.0%. 
The addition of 3 parts of 25% ammonia solution to 
100 parts of latex ensures the stabilisation of the 
latter for 6 months. 

‘Normal latex’ is the term applied to stabilised 
fresh latex free from sludge. It contains 30-40% 
solids : it is usual in commercial practice to concen- 
trate the latex by evaporation, creaming or centri- 
fugation to give a product with a higher solid content. 
Concentration helps saving on freightage : further, 
concentrated latex offers certain advantages in the 
manufacture of rubber articles. 

In the evaporation method, stabilised latex is heat- 
ed in a water-jacketed, horizontal rotating cylinder 
with air circulation or in a vacuum evaporator. The 
viscous product [dry rubber content (l).R.C.), 68% : 
non-rubber constituents, 7%| is marketed under the 
trade name Re vertex. 

Concentration by creaming is effected by the 
addition of ‘creaming’ agents, e.g., alginates, to ac- 
celerate the pha.se .separation of rubber particles. 
Among other creaming agents in use, mention may 
be made of gelatin, hemicelliilo.ses, j>ectins and gums ; 
tamarind .seed powder has been tried in India. 
Ammoniated latex is mixed with a creaming agent 
(up to 0.5%), stirred and allowed to stand for several 
days when it separates into two layers ; the lower 
.serum layer is drawn off and the treatment repeated 
until the desired concentration (usually 60% D.R.C.) 
of rubber is reached in the top layer. The product 
shows an ‘after creaming' tendency, which is consi- 
dered a disadvantage. 

Centrifugation is essentially an accelerated cream- 
ing process. When the latex is pa.ssed through a 
centrifuge, a rubber concentrate floats to the top : at 
the same time, adventitio\is foreign matter separates 
out and a ‘refined’ concentrate is obtained (D.R.C., 
60-62% ; non-rubber constituents, 2%). 

A recent development in latex concentration is 
electrodecantation. The latex is placed between two 
electrodes with intervening semi-j^rmcable mem- 
branes. When a direct current is pas.sed, the negative- 
ly charged rubber particles migrate towards the 
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anode : the membranes intercept their passage and 
cause accumulation. On reversing the current, the 
particles are driven hack from the membranes and 
rise to the surface. Concentrated latex so prepared 
possesses high mechanical and chemical stability 
(Flint, 156 225 ; Kirk & Othmer, IX, 818-23 ; Thor|)e, 
X. 553, 562 : Stevens, 17, 32-42 ; Grist, 94 ; Cherian, 
Indian Rnhh. Bd, Serial i\wiphl.. No. 2, 1949, 6). 

Raw Rubbkr 

Manufacture of raw rubber Rubber of commerce 
is ol)tained from Hevea latex by coagidafion, rolling 
and drying. 'Fwo forms of raw rubber (First Grade 
r.atex Ru])her) are known in trade, namely. Smoked 
Sheet Rubber and Crepe Rubber. The bulk of planta- 
tion rubber in South-east Asia is converted into 
smoked sheet rubber. This is done in well etpiippcd 
factories situated near the plantations or in sheds 
attached to small holdings. The latex as received is 
diluted with water to c. i5'!o D.R.C., strained through 
a sieve (60 - kx) mesh) to remove gross impurities and 



FIG. 42. HEVEA BRASILIENSIS— STRAINING THE I.ATEX 


acetic or formic acid is added to coagulate the rubber. 
About 2 lb. of acetic acid or i lb. of formic acid are 
added to coagidate 400 lb. of rubber latex. The acidi- 
fied latex is poured into aluminium pans or tanks 
fitted with vertical separation plates and allowed to 
stand overnight. Pans are used in small estates and 
holdings, and tanks in large estates. The rubber 
coagulates between the separating plates and iloais 
on the surface as a soft, white, sjxnigy slab. When the 
slabs become firm, the plates are removed, and the 
slabs lifted out and washed in water. 

Washed slabs arc rolled between smooth rollers to 
squeeze out the water and llatten them to a thickness 
of about in. Hand rollers are generally employed 
for this purpose in the smaller estates and holdings ; 
|X)wcr-operated rollers are used in estate factories. 
The sheets are passed through marking rolls to impart 
a ribbed pattern. The increased surface produced by 
ribbing helps to accelerate drying : also, the ribs 
prevent the sheets from adhering to one another when 
piled. Ribbed sheets (moisture content, 20%) are ])ar- 
tially dried on racks or poles in shade for a few hours 
and then transferred to smoke houses (temp., 40 50^) 
where they are exposed to smoke from burning fire- 
wood. Smoking hastens drying and prevents mould 
growth. The smoking period varies from 7 9 days in 
old fashioned smoking sheds to 4 days in well design- 
ed modern smoke houses. The dried pnxluct is col- 
lected and packed for the market. Smoked sheets arc 
translucent, amber-coloured, clastic and durable 
[Fuller, loc. cit. ; Grist, 90 92 : Yegna Narayan Aiyer, 
653 ; Kurien John, /. sci. industr. Res,, 1943-44, 2, 
124 ; /. 1“^ S. Bull., 1951. 3(3), 3|. 

In the preparation of crepe ruhber, sodium bisul- 
phite (0.5%) is employed as the coagulating agent. 
It prevents dark'*ning during drying and produces a 
pale, almost white, rubber. Mercaptans have also been 
employed as coagulating agents. The coagulum is cut 
into long pieces, sejueezed, sheared and masticated 
through a scries of differentially geared corrugated 
rollers. It is finally rolletl into sheets with a rough or 
corrugated surface and dried by hanging on racks in 
well ventilated drying rooms for a week or more : 
heat may be applied to hasten the drying (Grist. 92 ; 
Thorpe, X, 553). 

Sole crepe rubber used for f(X)twear is a product 
obtained by coagulation in two stcj>s. A small amount 
of acid, insufficient to coagulate all the rubber, is 
added to the latex, when a coagulum containing the 
yellow colouring matter separates out. The latex left 
over is mixed with sodium bisulphite and acid, when 
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a second coagulum is obtained. This is processed to 
give sole crepe which is pale or almost white. 

Lower grades o£ rubber constitute 10-15% 
total crop. These arc: (i) dried latex or tree scrap 
found on tap|)ing cuts and spouts ; (ii) lump, formed 
by natural coagulation in collecting cups and buckets 
before the latex reaches the factory ; (iii) skimmings 
from coagidation pans and tanks ; (iv) discoloured 
crepe or pieces of torn coagulum from first latex 
crepe or sheet ; (v) earth scrap from latex which over- 
llows the tapping cut and coagulates on the soil ; and 
(vi) hark scrap or dried latex found in bark shavings 
removed during tapping. Grade (i) to (iv) are convert- 
ed into crepe ; grade (v) and (vi) are processed to give 
a low grade crepe, dark in colour, often tacky ((irist, 
92-94; Flint, 122-32; Fuller, loc. cit.). 

Physical properties — The physical proj>erties of 
rubber vary with temperature. Natural rubber is 
soft and translucent at 20° ; when chilled to 0-10°, it 
becomes hard and opa(|ue ; at the temperature of 
Ikjiiid air, it is brittle and transparent like glass. At 
temperatures exceeding 25®, rubber loses elasticity 


and becomes sticky ; the change is reversible provided 
the temperature attained is not too high and the 
heating is not too long. Rubber melts to a viscous 
fluid at about 2(X)°, and decomposes to isoprene, di- 
pentene and complex terpenic hydrocarbons. Thermal 
decomposition yields licpiid hydrocarbons the nature 
of which varies with the method of ‘cracking’ 
employed ; fuel oils, lubricating oils, rubber solvents 
and softeners arc obtained. 

Rubber is insoluble in water and is unallected by 
alkalies or moderately strong acids. It is soluble in 
Ixmzene, naphtha, carbon disulphide, ether, chloro- 
form and chlorinated hydrocarbons. When rubber is 
dissolved in a solvent, it first swells to gel-like consis- 
tency and then forms a solution. 

The elastic property of rubber is closely related to 
its molecular structure. A pull stretches the molecular 
chains (the filaments slipping past each other) and 
when the pull is released, the kinked configuration 
is rcvstorcd. The resilience falls with decreasing 
temperature, and after attaining a minimum a! 
c. —35° shows a rise. This phenomenon is associated 



FIG. 4). HEVEA BRASIWENSIS— PRESSING SHEET RUBBER THROUGH ROLLERS 
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with the changes in the configuration of molecular 
chains which accompany deformation. Smoked sheet 
has a rebound of 64.5% at 24® ; after thorough masti- 
cation the rebound is reduced to 48%. 

Rubber is amorphous in the unsiretched state, hut 
shows crystalline behaviour when kept at 0° for a 
long time or when stretched. During stretching, the 
elongated rubber molecules assume a regular or lattice 
structure, parallel to the direction of stretch. The size 
of the crystallite has been estimated to l^e 600A. 
Rubber is shown by X-ray diffraction to he an 
intimate mixture of crystalline and amorphous 
components. The amount of crystalline ruhl)er 
under the most favourable conditions of strain has 
been estimated by some at 80-90% and by others at 
3tv4o%. 

Highly stretched rubber possesses many character- 
istics of fibrous materials ; it may be readily torn 
along the direction of extension, but is extremely 
lough in the transverse direction. When frozen in 
li(|uid air and hammered, rubber splits up into fibres. 
When released from the highly stretched condition, 
rubber does not completely revert to its original 
length, the resulting increase in length, expressed as 
[)ercentage of the original length, being called perma- 
nent set. The deformation increases with time and 


recovery proceeds over a considerable time. Heated 
rubber shows less permanent set. 

Rubber is one of the best insulating and dielectric 
materials available. It behaves as a normal non-polar 
material, the dielectric constant (c. 2.5) approaching 
closely the square of the refractive index at normal 
temperatures. Rubber-sulphur vulcanisates are, how- 
ever, polar. The electrical properties arc influenced 
by water-soluble impurities which accompany manu- 
factured rubber. 

Some of the physical properties of raw rubber arc 
summarised in Table 1 1 . Other physical character- 
istics are: heat of combustion, io,7(X) cal./g. ; thermal 
conductivity, 0.00032; h®’* , i.5i9<.>; and optical dis- 
persion (for wave lengths 6, 563 A and 4,861 A) at 25®, 
0.0330. Stretching of raw rubber is accompanied by 
generation of heat due to crystallisation (Joule effect) ; 
alxnit 680 cal./g. arc generated when stretched to 
820%. The crystallisation of rubber (both raw and 
vulcanised) under tensile strain produces optical 
double refraction (Thorpe, X, 575-78 : Kirk & 
Othmer, IX. 817-18 ; Read, 472 ; Barron, 79. 88 1 15 ; 
Trcloar, Endcavimr, 1952, II, 92). 

ChemiaU properties— First grade latex plantation 
rubber (sheet rubber and crepe rubber) contains: 
rubber hydrocarbon, 92 94 ‘X- lable 12 gives the non- 


TABLE n— PROPERTIES OF RAW & VULCANISED RUBBER* 



Raw rubber 

Vulcanised rubber 



l*hysit al : 



('>) 

'IViisile Mreiiglli (kg./sq. cni.) 

20 40 

275 350 

275-350 

Eloiigatidii (V„) 

8(M) l,2(K> 

675 H50 

550 650 

Hardness (.Shore Duronieter Aj 

20 -30 

40 45 

62 67 

Perniaiient set (al'ler 200% eUnigalioii, 24 hr.) 

75 125 

3-5 

8 12 

Modulus of elastic ity at ,100% elongation (kg./.sc]. cm.) 

5-10 

11 24 

50-90 

Sp. gr.-' 

0.914 

0.96 

1.13 

ihcrmal : 




Co-ellicien! of linear expansion (10 ^/"C) 

15 20 

16-19 

12-15 

S|K.Tifit li(*at (cal./g./ "C) 

0.55 

0.5 

0.4 

Brittle pt (C) 

62 to -58 

-58 to -53 

-58 to —56 

Elvctriral : 




Volume resistivity (Ohm x cm.) 

.10** 

10" 


Dielec-trie strength (k.v./mm.) 

10 20 



Jhelectric constant x 10 (1,000 cycle.s) 

2.5 



Power f,ictorx lO-i* (l,(K)0 c ycles) 

2-J 




* Encyclopaedia Britannica, XIX, 609. 

(a) not loaded with pigment, (b) loaded with 25% carbon blacky 10% softener. 
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TABLE 12 — NON-RUBBER CONSTITUENTS OF RUBBER* 
(%) 


First latex rubber Low grade rubber 



Smoked sheet 

Crepe 

r 

Lump 

Tree 

scrap 

Bark 

scrap 

Earth 

scrap 

Moisture 

0.30-1.08 
(av. 0.61) 

0.18 0.90 
(av. 0.42) 

0.8 

1.2 

1.2 

0.8 

Acetone extr. 

1.52-3.50 
(av. 2.89) 

2.26 3.45 
(av. 2.88) 

2.9 

2.50 

2.6 

2.8 

Protein & other nitrogenous 
matter 

2.18-3.50 
(av. 2.82) 

2.37-3.76 
(av. 2.82) 


•• 

•• 


Ash 

0.20-0.85 
(av. 0.38) 

0.15 0.87 
(av. 0.30) 

0.8 

0.7 

0.9 

1.0 

Water extr. 



0.5 

0.6 

0.4 

0.2 


* Davis & Blake, 13, 31. 


rubber constituents of various types of first latex and 
lower grade rubbers. As compared to rubbers from 
other plant sources (Table 13), Hevea rubber is charac- 
terised by low resin content (Davis & Blake, 12). 

Rubber hydrocarbon, also known as caoutchouc, is 
colourless, odourless, transparent and elastic. It con- 
sists of long chains of isoprene units connected end to 
end through 1 14 linkages. The chains normally exist 
in a highly kinked, but fluctuating, configuration due 
to the free thermal rotation of constituent links about 
single C-C bonds. The rubber molecule contains about 
5,000 units of isoprene and has an average molecular 
weight of 350,000 ; av. length, 20,o(X)A. The decrease 
in molecular weight from the latex state to the raw 
rubber state is due to the breakdown of the polymer 
which occurs in sheeting and creping opera- 
tions. The isoprene units of rubber have a cis 
configuration. 

Rubber forms compounds with halogens, halogen 
acids and metallic halides, ozone and oxides of nitro- 
gen. Hydrogenation at elevated temperatures and 
pressures in the presence of a catalyst gives fully 
saturated hydrorubber. Rubber is oxidised by nitric 
acid, potassium permanganate and hydrogen {ler- 
oxide. Atmospheric oxygen, especially in the presence 
of copper salts, causes slow degradation resulting in 
softening, increased solubility in solvents, and loss 
of strength and elasticity. Ozone renders raw rubber 
soft and tacky, and forms unstable ozonides. 

Cyclisation of rubber is brought about by heat ; it 
is also effected by treatment with stannic chloride 
and other reagents. 

When heated with sulphur, rubber undergoes pro- 
found changes in its properties. This treatment, 


TABLE 13— ANALYSES OF RUBBERS FROM DIFFERENT PLANTS* 
(%) 



Rubber 

hydrocarbon 

Resin 

Protein 

Ash 

Hevea brasiliensis 

94 

3 

2 

0.2 

Castilla elastiva 

93 

6 

0.5 

0.1 

t^indolphia thoUonii 

93 

5 

1 

0.5 

/.. ozvariensis 

93 

6 

O.l 

1.0 

L. kirkii 

91 

8 

O.l 

1.0 

Taraxacu m It ok ’Sn,ifhy z 

90 

5 

2 

3.0 

Funtumia elastiva 

88 

8 


0.5 

Manihot fflaziovH 

88 

4 

6 

1.5 

Cryptostegia f'randi flora 

88 

9 

> 

0.3 

Ficus elastiva 

78 

20 

1 

0.5 

Partheniu m arf'cntatu m 

72 

22 

3 

2.5 

* Tl’iorpc, X, 551 . 






vulcanisation as it is called, has revolutionised the 
rubber industry. Vulcanisation is generally believed 
to produce cross linkages between chains at the 
double bonds, thus forming a continuous molecular 
network ; it may also bring about cyclic linkages 
(Thorpe, X, 565-69; Kirk & Othmer, XI, 815-17; 
Barron, 65-86). 

Grading — The system adopted in India for grading 
raw rubber is based on the type descriptions of the 
Rubber Manufacturers' Association (R.M.A.) and 
endorsed by the Rubber Trade Association of New 
York. These types are recognised as universal stan- 
dards by producing and consuming countries alike. 
The R.M.A. classification takes into account such 
visual characteristics as colour, uniformity, presence 
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of foreign particles, etc. ; upper tolerance limits for 
copper and manganese contents (copper, 8 p.p.m. ; 
manganese, lo p.p.m.) have also been prescribed 
(Indian Rubh, Bd Bull,, 1952, 2 , 57 ; Indian Rubb, 
Bull., No. 76, 1955, 15). 

The grouj>wise classification of commercial grades 
of Indian rubber and their R.M.A. gradings are indi- 
cated below: 

Group i: R.M.A. iX and R.M.A. i 

Group 2 : R.M.A. 2, R.M.A. 3 and Cuttings No. i 

(Jroup 3 : R.M.A. 4, R.M.A. 5 and Cuttings No. 2 

Group 4: Precoagulated Cre{X?, Pale Ditex Crepe 
iX, I, 2 and 3 F.A.Q. 

Group 5: Estate Brown Crepe iX and 2X, Super 
iX, Smoked Blanket and Remiiled Crepe 

2 

Group 6 : Estate Brown Crepe 3X, Remilled Crepe 

3 and 4 

(iroup 7 : Flat Bark Crepe (Earth Scrap Crepe) 

Table 14 gives the group-wise profluction of rubber 
in India. 


The R.M.A. classification, which is based mainly 
on visual inspection, does not give any indication of 
the intrinsic c|uality of crude rubber. The need for 
evolving a system by which crude rubber could be 
graded according to technological properties was felt 
during World War II, when natural rubber came into 
competition with synthetic rubber. A scheme pre- 
pared in 1949 by a French technologist in Indo-China 
has been recently adopted in Jndo-China and Malaya. 
According to this system, natural rubber is classified 
on the basis of (i) processing characteristics (based 
on viscosity) and (2) vulcanisation characteristics. 
Each of these characteristics is divided into three 
ranges of values, thus giving nine technical classes. 
Rubbers classified according to this method arc 
called Technical Classified Rubbers (TCR). This 
classification is intended to supplement the R.M.A. 
cla.ssification (A STM spec, tech, FitbL, No. 136, 

■952)- 

Packing — Natural rubber is packed in hales in 
accordance with R.M.A. packing specifications. 


TABLE 14-GROUP-WlSE PRODUCTION AND CONSUMPTION OF RUBBER IN INDIA 
(<j(y in tons ; figures in brackets represent percentage of total) 


1952* 195.1* 19541 I955t 1956^ 




1 

t 

1 

r 

1 



t 



Produc- 

Consump- 

Produc- 

Consump- 

Produc- 

Consump- 

Produc- 

Con.sutnp- 

Produc- 

C^onsiimp- 


tion 

tion 

tion 

tion 

tion 

tion 

tion 

tion 

tion 

tion 

Group 1 

8,188 

7,941 

8,434 

5,932 

8,457 

6,845 

8,938 

6,653 

9,126 

10.157 

(41.2) 

(37.7) 

(39.9) 

(26.5) 

(.39.3) 

(26.9) 

(39.8) 

(24.1) 

(.19..1) 

(.15..?) 

Group 2 

3,790 

4,875 

4,118 

6,0.30 

4,159 

8,179 

4,112 

9, .527 

4,315 

7,698 

(I9.I) 

(2.3.1) 

(19..S) 

(27.0) 

(19.4) 

(. 12 . 1 ) 

(I 8 .. 1 ) 

"^4.6) 

(18.4) 

(26.S) 

Group .1 

1,755 

1,029 

2,039 

.1,214 

2,132 

2,712 

2,071 

2,376 

2,388 

1,194 

( 8 . 8 ) 

(4.9) 

(9.7) 

(14.4) 

(9.9) 

( 10 . 6 ) 

(9.2) 

( 8 . 6 ) 

( 10 . 2 ) 

(4.1) 

Croup 4 

1,147 

732 

1,297 

955 

1,165 

1,049 

1,283 

967 

1,234 

1,226 

(5.8) 

(3.5) 

( 6 . 1 ) 

(4.3) 

(5.4) 

(4.1) 

(5.7) 

(3.5) 

(5.2) 

(4.2) 

Group .S 

834 

3.310 

934 

2,451 

1,027 

2,527 

1,183 

3,228 

1,145 

2,874 

(4.2) 

(15.7) 

(4.4) 

(10.9) 

(4.8) 

(9.9) 

(5.3) 

(11.7) 

(4.8) 

(9.9) 

Group 6 

563 

1,003 

743 

1,6.56 

818 

2,080 

875 

2,419 

602 

2,792 

( 2 . 8 ) 

(4.8) 

(3.5) 

(7.4) 

(3.8) 

( 8 . 2 ) 

(3.9) 

( 8 . 8 ) 

(2.5) 

(9.6) 

Gniup 7 

34 

119 

38 

158 

57 

143 

44 

112 

41 

IM 

( 0 . 2 ) 

( 0 . 6 ) 

( 0 . 2 ) 

(0.7) 

(0..3) 

( 0 . 6 ) 

( 0 . 2 ) 

(0..5) 

( 0 . 2 ) 

(0.3) 

Scrap grades 

2,323 

199 

2, .353 

268 

2,235 

179 

2,407 

143 

2,809 

79 

(11.7) 

( 0 . 8 ) 

( 11 . 1 ) 

( 1 , 2 ) 

(10.4) 

(0.7) 

(10.7) 

(0.5) 

(11.9) 

( 0 . 2 ) 

Sole Crepe 

671 

286 

.S45 

202 

605 

178 

546 

150 

480 

156 

(3.4) 

(1.4) 

( 2 . 6 ) 

(0,9) 

( 2 . 8 ) 

(0.7) 

(2.4) 

(0.5) 

( 2 . 0 ) 

(0.5) 

Latex 

.S58 

667 

635 

607 

838 

770 

1,022 

1,088 

1,304 

1,420 


( 2 . 8 ) 

(3.2) 

(3.0) 

(2.7) 

(3.9) 

(.3.0) 

(4.5) 

(4.0) 

(5.5) 

(4.9) 

Uns|H*eificd 

•• 

900t 

(4.3) 

•• 

900t 

(4.0) 

•• 

825t 

(3.2) 

•• 

880t 

(3.2) 


l,300t 

( 4 .S). 

Totai. 

19,863 

21,061 

21,136 

22,373 

21.493 

25,487 

22,481 

27,543 

23,444 

28,996 


* Indian Ruhb. Bd Bull.t 1952, 2 , 55 ; 1953-54, 3 , 68 . tData .supplied by Rubber Board, India, f Estimated consumption by some 
manufacturers from whom returns have not been received (groups not known). 
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Ribbed smoked sheets arc packed in rubber covered 
bales (size, 19 in. x 19 in. x 24 in. ; volume, c. 5 cu. ft.), 
the prescribed maximum and minimum weights of a 
bale being 250 and 224 lb. net res})ectively. The bale 
is wrapped on all sides and corners with rubber of 
equal or higher quality. Before wrapping, the surfaces 
are dusted with talc to prevent sticking. One coat of 
R.M.A. bale coating solution is then painted on all 
sides and firm marks and lot identification marks arc 
stencilled [Boequet, Rubb. India, 1952, 4(9), 17; 
Indian Rubb, Bd Bull,, 1952, 2, 66 ; Indian Rubb, 
Bull,, No. 77, 1955, 12]. 

Other R.M.A. types of natural rubber, such as pale 
crepe, flat bark crepe, brown crepe, blanket crepe and 
smoked blanket crepe are packed in burlap or rubber 
batches, each batch (volume, c. 5 cu. ft.) weighing 
224 -50 lb. net (Indian Rubb, Bd Bull., 1952, 2, 66 ; 
hidian Rubb. Bull., No. 77, 1955, 12). 

Marketing — Raw rubber is marketed in the form 
of ilry rubber (Ribbed Smoked Sheets, Pale Latex 
Crepe, Sole Crepe, Estate Brown Crepe) and preserved 
latex (Normal T^atex, Creamed Latex and Centri- 
fuged Latex). About two-thirds of the total produc- 
tion is marketed by managing agents after grading. 
Small estates sell the produce directly to manufac- 
turers or to dealers in marketing centres. Small 
holders accumulate the produce to a sizeable cjuantity 
and then sell it to itinerant dealers against cash pay- 
ment on the basis of weight. The quality of the pro- 
duct is generally not taken into account and the price 
offered is far less than the controlled rales. Petty 
merchants and dealers sell the collection to the 
nearest de|X)t of a purchasing firm or take them to 
dealers in Kottayam, Trivandnim, Trichur or other 
market centres (Reddy, Rep. Marketing Organization 
for Rubber, Indian Rubb. Bd, 1950, 6 ; Kaimal, Rubb. 
India, Spec. Conf. Number, 1954, 6 , 27). 

Rubber latex is marketed as normal latex (D.R.C., 
30-40%) preserved with ammonia. The bulk of it 
is marketed in concentrated form, packed in iron 
drums or tanks. In India, creamed latex is marketed 
in two concentrations. D.R.C., 58-60% and 50% 
(Chcrian, Indian Rubb. Bd, Serial Parnphl., No. 2, 

1949* 6 ). 

UnLISATION 

Dry rubber — Raw rubber as such has few impor- 
tant applications. Its chief uses are in making 
insulation tapes, shoe soles, adhesives, and erasers. 
The properties of rubber arc greatly influenced by 
chemical treatment, particularly vulcanisation. Practi- 


cally all the rubber goods produced for industrial use 
are vulcanised (Thorpe, X, 554). 

For vulcanisation, the raw stock (smoked sheet or 
pale crepe) is masticated, plastici.sed and mixed with 
vulcanising agents, accelerators, anti-oxidants, rein- 
forcing agents, fillers and other ingredients ; the mix- 
ture is then heated to 113-130®, preferably under 
pressure. The nature and concentration of the yigre- 
dients, and the time and temperature of vulcanisa- 
tion determine the properties of the product obtain- 
ed. In the cold vulcanisation process used for thin 
rubber goods, thin sheets, formed from naphtha 
solution, are treated with sulphur monochloride dis- 
solved in carbon disulphide. 

The chief difference between raw rubber and soft 
vulcanised rubber is that the latter when stretched 
returns to its original shape and dimensions, whereas 
raw rubber docs not. Another outstanding charac- 
teristic of vulcanised rubber is its resistance to plastic 
flow under a wide variety of cf)nclitions. Vulcanised 
rubber also differs from raw rubber in being less 
tacky, in having a high tensile strength, greater elon- 
gation, less hysteresis, and greater resistance to the 
action of solvents and heat, to tear and abrasion. 
Some of the physical properties of raw and vulcanised 
rubber arc summarised in Table ii. 

The electrical properties of rubber are relatively 
less affected by vulcanisation. The dielectric constant 
of vulcanised rubber (which is usually kept low) in- 
creases with increasing sulphur content to a maxi- 
mum of 3.75 at 11.5% sulphur and then decreases 
to a minimum of 1.7 at 22% sulphur content ; the 
dielectric constant of ebonite (32% sulphur) is 2.82. 
The power factor (which is also kept as low as possi- 
ble) decreases until the concentration of sulphur 
reaches .{%, then increases rapidly to a maximum 
value of 93.8 X lo"’’ when the sulphur content reaches 
13.5%; then decreases to 2.6x10 '* at 23% sulphur 
and increases up to 5.1 x lo'" at 32%. Resistivity in- 
creases with increasing sulphur, reaches the value of 
2x 10’^ ohms at 12% sulphur, then sharply decreases 
to a minimum of 26 x lo*"* at 18% sulphur and again 
increases to i x 10^^ at 22% sulj)hur, after which it 
decreases slightly (Vanderbilt Rubb, Ilandb., 1942, 
32-39 ; Barron, 185-87). 

Hard Rubber, Vulcanite, or Ebonite (resembling 
ebony) is a highly sulphurised rubber, containing 
25-50% (usually 32%) combined sulphur. It is usually 
dark, but hard rubber of light colour can be prepared 
by selecting the compounding ingredients and adding 
pigments. Ebonite has the following physical charac- 
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tcristics: sp.gr."", 1.13-1.18; sp. heat, 0.331; co- 
efficient of linear expansion x lo"" (cm./®C), 7 ; tensile 
strength (kg./s(j.cm.), 6oo-8(x) ; water absorption (%, 
after immersion for 315 days), 0.23-0.28; dielectric 
constant (1,000 cycles), 2. 8-2 .9 ; power factor (1,000 
cycles), 3-^x lo'® ; volume resistivity (ohm/cm.), 1-3 
X 10^* : and dielectric strength (k.v./mm. with oil 
immersion), 1 15-149. Ebonite is hard at ordinary 
temperatures ; it softens on warming to 60° and is 
reasonably flexible at 100°. It is relatively tough and 
non-elastic, has high impact strength and resistance 
to abrasion, and can be moulded, sawn, drilled, turned 
and polished. Ebonite has good electrical insulation 
properties, and is exceptionally resistant to chemical 
corrosion. Ebonite is available in powder and sheet 
form (Thorpe, X, 571 ; Davis & Blake, 635-52 : 
Indian Riihb, Bull., No. 77, 1955, 23). 

Rubber is used for the production of a wide variety 
of products utilised in industries and services, and 
for domestic puqwses. It has been estimated that 
about 50,000 different products are fabricated from 
rubber directly or indirectly. Tyres and tubes for 
automobiles and cycles account for about 75% of the 
total rubber consumption. About 6% is used for foot- 
wear (boots, shoes, heels and soles) ; about 4% for 
wire and cable insulations ; among miscellaneous 
manufactured articles mention may be made of 
rubberised fabrics ; motor mountings for absorbing 
vibrations and shocks ; washers and gaskets ; trans- 
mission and conveyor belting ; garden hose, fire hose, 
and bo.se for gasoline : pneumatic tools ; paints ; 
sports goods, such as football, basket ball, tennis ball 
and polo ball ; household and hospital supplies, such 
as sheets, hot water bags, ice bags, surgeon’s gloves, 
bathing caps and prophylactics ; toys such as balls, 
dolls, and balloons ; erasers and rubber bands ; and 
adhesives. Metals are coated with rubber to protect 
them from wear and corrosion. Sponge rubber from 
foamed latex finds use in cushioning, seating and 
bedding. Elastic fabrics are made from latex threads. 
Ebonite finds application in electrical and radio 
engineering industries and for protective lining in 
chemical plant. It is also employed in the fabrication 
of battery boxes, fountain pen barrels, tobacco pipe 
stems, telephones, combs and dentures. 

Latex — Natural rubber latex, in preserved and 
concentrated forms, finds many commercial applica- 
tions. Compounded latex is largely replacing rubber 
solutions for the manufacture of such articles 
as balloons, gloves, contraceptive appliances, finger 
stalls, and teats. It is estimated that in U.S.A., the 


consumption of natural latex has doubled from 1948 
to 1952. Over 65% of the latex is used in the manu- 
facture of foam rubber and the rest for dipped 
goods, fabric coatings, impregnation and moulded 
goods. 

The use of latex in place of dry rubber has certain 
advantages. Latex does not require mastication and 
needs fewer forming machines. The cost of produc- 
tion is comparatively low. Also articles made from 
vulcanised latex possess higher tensile strength and 
elongation, since the rubber particles remain intact 
and arc not broken by mastication as in the treat- 
ment of dry rubber. The use of organic solvents for 
bringing dry rubber into solution is avoided and 
health and fire hazards are minimised. Higher 
outturn is possible in the manufacture of goods 
when latex is employed. Lastly, latex is suitable 
for the production of certain kinds of articles which 
are extremely dilficult to produce from rubber 
solutions. 

Uncured latex finds a few applications in industry ; 
it is used as an adhesive in footwear manufacture, as 
pressure-activated sealing for envelopes and for her- 
metic scaling of food containers. The bulk of latex 
goods is made from vulcanised latex. The latex is 
mixed with compounding ingredients similar to those 
used in processing dry rubber, the ingredients being 
added in the form of solutions or colloidal dis{>er- 
sions for obtaining a homogeneous and stable mix- 
ture. Compounded latex is converted into rubber 
goods by dipping, coating, extrusion, foaming or 
electro-deposition. Solidified articles arc finally 
vulcanised (Thorpe, X, 562-65 ; Kirk & Othmer, 
Xr, 942-45 ; Stevens, 49-60 ; Stevens & Stevens, 
55 - 83 )' _ 

Reclaimed rubber — Reclaimed rubber prepared 
from discarded rubber products and rubber scrap, 
mainly worn out automobile tyres and inner tubes, 
resembles crude rubber in its behaviour towards 
compounding ingredients, differing only in the degree 
of response to various types of treatment. It is lower 
in cost than raw rubber, is easier to process, and 
generally has better resistance to ageing. It is used 
alone or in admixture with raw rubber in the manu- 
facture of heels, soles, mechanical rubber goods, 
tyres, dispersions and adhesives for use in fabric dip- 
ping, carpet backing, flooring, etc., and hard rubber 
used for battery containers, tubes and rods (Read, 
479 ; Barron, 268-93 ; Stafford & Wright, Indian 
Rubb. Bull., Spec. Number, 1954, 63). 

Rubber derivatives — Rubber derivatives are 
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prepared from unviilcanised rubber by treatments 
involving addition, substitution and cyclisation re- 
actions. Commercial chlorinated rubbers, such as 
Alloprcne, Torncsit, and Parlon (chlorine, 65-66%) 
are obtained by reacting rubber with carbon tetra- 
chloride ; they arc resistant to chemical action and 
are used in corrosion-resistant paints and lacquers. 
Pliofilm (chlorine, 30-35%), a rubber hydrochloride, 
obtained by passing dry hydrogen chloride into 6% 
rubber cement, is used as packing material for textiles, 
paper products, foodstuffs, etc. ; it is transparent, 
flexible, impervious to water vapour and possesses 
high tear resistance. Cyclised rubbers, prepared by 
treating rubber with stannic chloride, chlorostannic 
acid, sulphuric acid, organic sulphonyl chloride or 
certain other reagents, arc used as rubbcr-to-mctal 
adhesives, plastic base for chemical-resistant paints, 
and shoe soling. They are thermoplastic and possess 
properties intermediate between rubber and gutta 
percha (from Palaquium sp.) IThorpc, X, 566-68 ; 
Rogers, IT, 1483 ; Kapur & Ramakrishnan, Ruhh. 
India, 1955, 7(3), 47]. 

Other rubbers — Besides Hevea, several plants 
have been tried from time to lime as sources of 
rubl)er (Table 13). Of these, the Russian Dandelion 
(Taraxacum kok-saghyz Rodin) and the Mexican 
Guayule {Parthenium argenlatum A. Gray) may be 
mentioned. The former is grown on c. 2,000,000 acres 
of land in the Soviet Union and rubber of good 
quality is reported to be obtained from the roots of 
the plant. Guayule rubber is extracted from the 
whole plant ; it is of inferior quality. Other rubber- 
producing plants of local importance are; Manihot 
glaziovii Mucll. Arg. (Ccara rubber), Castilla elastica 
Cerv. (Castilla or Panama rubber). Ficus elastica 
Roxb. (Assam rubber), Hancornia spcciosa Gomez 
(Mangabeira rubber) and Funtumia elastica Stapf 
(I-agos silk rubber) (Hill, 140-46; Schery, 195-200: 
Thorpe, X, 550-51). 

Synthetic rubbers - True substitutes of natural 
rubber have not been produced, but for some years, 
natural rubber has been facing increasing competi- 
tion from synthetic copolymers with rubber-like pro- 
perties. In U.S.A., and probably U.S.S.R., more 
synthetic rubber is consumed than natural rubber. 
Even though synthetic rubber has several advantages 
over natural rubber as regards strength, adhesion, 
and resistance to oils, oxidising agents, light and heat, 
they do not possess the essential qualities of natural 
rubber, e.g. elasticity, and low temperature flexibi- 
lity. Synthetic rubbers are at present used mainly to 


supplement natural rubber ; in certain fields, synthe- 
tic rubbers are exclusively employed. 

GR-S, a general purpose synthetic rubber is a 
butadiene-styrene copolymer, with pronounced resis- 
tance to cracking and abrasion. It is preferred to 
natural rubber in the production of certain tyre 
treads, mechanical goods and wire insulation. Other 
synthetic rubbers of commerce arc: GR-A or Buna 
N (copolymer of butadiene and acrylonitrile) used in 
applications requiring oil-resistance ; GRd or Butyl 
Rubber (copolymer of isobutylene and isoprene) 
valued for its low permeability to gases and high 
resistance to chemicals, widely used for making inner 
tubes ; GR-M or Neoprene (polymer of chloroprcnc) 
resistant to oils, chemicals and flame, stable to light 
and ageing, and valued for hose, gaskets, belting, 
moulded goods, coated fabrics, and adhesives : 
Thiokols (prepared by reaction of an organic di- 
chloride and a sodium polysulphide) valued for out- 
standing oil- and solvent-resistance anti used for 
moulded products, wire covering, and coatings : Sili- 
cone Rubbers (based on silicone) valued for their heat 
resistance, non-sticking and excellent surface pro- 
perties, retention of flexibility, resilience and tensile 
strength over a wide range of temperatures ( -100° 
to 500® F.), and useful for jet engine components, air- 
craft ducting, gaskets, seals and diaphragms, valve 
sets, etc. [Brady, 690-96 ; Kirk & Othmer, XI, 
827-56 : Street, fndian Rubb. Bull., No. 74, 1955, 
10 ; Shanker, Rubb. India, 1955, 7(2), 9 ; Modak, ibid., 

>954. <(»)> Hi- 

Prior to World War If, production of synthetic 
rubber was mainly confined to Germany and Soviet 
Union. It was only after the Japanese occupation of 
South-east Asia, that rapid developments in synthetic 
rubber production took place in U.S.A., Canada, 
U.S.S.R., and other European countries. 

Production and Trade 

The world production of natural rubber increased 
from about 45,000 tons in 19CK) to 1,913,000 
tons in 1955. The major producing countries arc 
Indonesia (38%), Malaya (33%), Thailand (7%), 
Ceylon (5%) and Indo-China (5%) (Table 1). India 
occupies the ninth place among the rubber pro- 
ducing countries and contributes about 1.2% to the 
total production. About 91% of the production within 
India is concentrated in Kerala, 7% in Madras and 
2% in Mysore (Table 2). 

Acreage — The acreage under rubber in India and 
neighbouring countries has shown marked variations 
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in consonance with fluctuations of prices in world 
markets. The high prices which rubber fetched 
during the early years of the century gave an impetus 
to rubber cultivation and many new plantations were 
opened up in India and other countries. The exten- 
sion of rubber cultivation continued till 1929, when 
as a result of the general trade depression, the prices 
slum[K‘d and the plantation industry suffered a set 
back. An International Rubber Regulation Agree- 
ment was signed in 1934 by the major rubber grow- 
ing countries by which production, export and 
import were regulated. Prices of rubber began to 
recover and prosj>ects for fresh plantings improved. 
With the outbreak of hostilities in South-east Asia 
and the occupation of Malaya, Indonesia and Indo- 
China by the Japanese in 1942, supplies of rubber to 
western markets dwindled. To meet the demand, the 
international agreement was terminated and rubber 
planting was encouraged. In India, in 1943 alone, 
over 15,000 acres were planted. 

While the earlier plantings in India were mostly 
made with unselected seedling rubber trees, a consi- 
derable proportion of post-war planting was made 
with high-yielding types, particularly budgrafts and 
clonal seedlings. 

'i'hc Government of India passed the Indian 
Rubber Control and Production Order, 1942, consti- 
ttiting the Indian Rubber Production Board with the 
object of encouraging and ensuring increased pro- 
duction of rubber by all possible means. The Rubber 
(Production and Marketing) Act, 1947 passed to 
replace the Indian Rubber Control and Production 
Order of 1942, and a statutory organisation, the 
Indian Rubber Board, was constituted to look after 


TABLE IV-PRODUCTION ft CONSUMPTION OF NATURAL 
RUBBER IN INDIA* 

(tons) 



Prfiduction 

C<msiimption+ 

19.19 43 (av.) 

15,923 

11,267 

1944 48 (av.) 

16,209 

1.5,620 

1949-53 (av.) 

17,867 

20,558 

I9.S4 

21,493 

25,487 

1955 

22,481 

27,543 

19.'>6 

23,444 

28,996 

Indian Tariff Bd, Rep. 

on the Prices 

for Raw Rubber, 1951, 


appx 22 & 2.^ ; Indian Ruhb. Bd Bull., 195.^- 54, 3, 101 ; Ruhb, 
Bd Bull., 1956-57, 4(4), 86. f Con.su mpt ion includes both indi- 
g(;nous and iin|X)rted rubber. 


TABLE 16-CONSUMPTION OF NATURAL RUBBER IN PRINCIPAL 
COUNTRIES* 

(thousand tons) 



1950 

1951 

1952 

1953 

1954 

19.S5tt 

U.S.A. 

720 

454 

454 

553 

596 

635 

Utiited Kingdom 

220 

234 

197 

220 

239 

246 

Soviet Union** 

83 

63 

123 

42 


n.a. 

France 

103 

119 

122 

115 

127 

1.^4 

West Germany 

79 

92 

93 

106 

130 

148 

China** 

70 

73 

24 

60 

62 

n.a. 

Jajian 

60 

59 

68 

89 

89 

88 

C^anada 

46 

44 

34 

37 

42 

44 

Italyt 

37 

50 

44 

47 

55 

n.a. 

Au.stralia 

34 

36 

28 

33 

43 

45 

LTnion of S. Africa! 

21 

27 

19 

25 

29 

27 

India 

18 

22 

21 

22 

25 

28 

Sweden 

14 

19 

19 

19 

25 

n.a. 

Belgium 

12 

18 

15 

18 

20 

n.a. 

Brazil 

23 

26 

28 

32 

38 

39 

Argentina 

17 

25 

13 

21 

23 

n.a. 

CV.echo.slovakia 

23 

II 

20 

17 

22 

n.a. 

New Zealand 

5 

8 

3 

7 

8 

n.a. 

ToTAl.t 

1,705 

1,498 

1,455 

1,630 

1,765 

1,734 


* Plantation Crops, Common wen Itb Kton. Comm., 1956, Table 
102. Ksti mated, f Net imporis. {Including figures for 
countries not shown, n.a. not available, ft ttei’. Common- 
wealth Raw Materials, Vol. 1, Commonwealth F.eon. Comm., 1958, 
Table 125. 

the interests i.f ruliber producers, through such 
measures as price control,- import restrictions and 
other measures. The Board was reconstituted in 
August 1955 under a new Act, the Rubber (Produc- 
tion and Marketing) Amending Act, 1954, and a 
research station was set up at Kottayam to help the 
industry [Isaac & Naidu, Indian Ruhb, Bd, Serial 
Pamphi, No. i, i ; /. 6" S. Bull., 1950, 3 ( 3 ), 3 ; Menon, 
Rep. Ruhb. Bd, 1955-56, 14 : Rtibb. India, 1952, 4(ii), 
3 ; Indian Rubb. Bull., No. 48, 1953, 22 ; Rubber in 
India, 1951 & 1952 ; Rubb. Bd Bull., 1956, 4(i), 5]. 

Under the provisions of the new Act, all rubber 
growers and dealers are re(|uired to register their 
names with the Indian Rubber Board. A license 
from the Board is required for growing any kind of 
rubber or for carrying out new planting or replant- 
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ing. Similarly, a dealer should get a license to deal 
in raw rubber or to acejuire raw rubber for the pur- 
pose of manufacture or for sale. In order to help 
development plans, a cess at the rate of Rs. 6.25 per 
100 Ih. is being collected from August 1955 by the 
Rubber Board, particularly for subsidising replanting. 
Subsidy is to be granted on a slab basis, depending 
upon the size of the holdings [Indian Tariff Bd, Rep, 
on the Prices for Raw Rubber, 1951, 37 ; Indian 
Rubb. BtUL, No. 73, 1955, 12 ; Rtibb, Bd Bull,, 1956, 
4(1), 8]. 

Production — ^The production of rubber in India has 
gone up markedly since 1951 as a result of the increas- 
ed yield per acre from new areas planted during 
1942-46 and replan lings with improved materials. 
From an annual production of 12,500 tons of rubber 
in »939, the production increased to 23,444 
1956 (lable 15). The production is insufficient to keep 
pace with the growing demand of the domestic manu- 
facturing industry (Kaimal, Rubb. India, Spec, Conf. 
Number, 1954, 6, 27). 

The Plantation Inciuiry Commission appointed by 
the Government of India in 1954 has examined the 
requirements of the industry and recommended 
that: an area of 1.2 lakh acres of land should be 
brought under high-yielding rubber trees by 1965, by 


replanting 70,000 acres of existing area and newly 
planting jo,ooo acres ; the area should be equally 
divided between the small holders and the large 
estates ; and co-operative organisations should he 
formed, to help small growers with long term and 
short term loans, services for replanting and new 
planting and for processing their latex (Kaimal, 
Rubb, India, Spec. Conf. Number, 1954, 6, 27 ; Rep, 
Plantation Inquiry Commission, pt III, Rubber, 
Govt. India, 1956). 

Consumption — ^'Pable 16 gives the consumption of 
natural rubber in the principal countries of the world. 
U.S.A. is the largest consumer followed by U.K.. 
West Germany and France. Rubber producing coun- 
tries in South-east Asia consume little rubber and 
export the bulk of their production. 

Unlike other producing countries in South-east 
Asia, India is both a producer and a consumer of 
rubber. The manufacture of rubber gf)ods in India is 
of recent origin and the consumption of natural 
rubber by the domestic industry has increased from 
7,(XK> tons in 1939 to 28,996 tons in 1956 (Table 15). 
The consumption is expected to reach 4o.(X)o tons by 
i960, but despite the present plan of replanting 
70,000 acres with improved planting materials, the 
production is not likely ^o exceed 27,000 tons. 


TABLE 17— EXPORTS OF RUBBER FROM INDIA 
(qty ill thdiisand lb. and val. in thousand Rs.) 

Qty exported to Total 



U.K. 

Germany 

France 

Italy 

Ceylon 

Malaya 

U.S.A. 

Others 

Qty 

Val. 

1929/30- 
1933/34 (av.) 

7,0fi9 

195 

244 

15 

.3.278 

5,572 

701 

368 

17.442 

7,863 

19.14/35- 
1938/.39 (av.) 

8,988 

1,888 

349 

807 

3,087 

4,832 

1,983 

1,729 

23,663 

8,282 

1944 45 

6,720 



. . 

. . 


. . 

. . 

6,720 

5,110 

194.S-46 

586 






4,480 


5,066 

3,759 

1946-47 









670 

503 

1947-48 

. . 










1948-49 

. . 







I3t 

13 

11 

1949-50 

960 







883 § 

1,843 

127 

1950-51 

1.475 




3 


571 

67** 

2,116 

1,987 

1951-52 

317 


18 






335 

946 

1952-53 

188 







2\t 

209 

428 

1953 -54 

122 







9 

131 

252 

1954-55 

48 








48 

85 

1955-56 

.. 




, , 

. . 

. . 

. . 

28 

57 


+ Export to Iran. •♦Export to Canada. § Export to Japan \646.S) & West Pakistan (236..S). t Export to East Pakistan. 
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Indigenous production is being augmented by imports 
of natural and synthetic rubbers to meet the demands. 
614 and 2,806 tons of synthetic rubber were imported 
in 1955 and 1956 respectively ; of these imports, 107 
and 2,409 tons were consumed during the same 
period. To meet the shortage, it is planned to start 
a synthetic rubber plant to produce annually 
5,000-10,000 tons of rubber {Indian Tariff Bd, Rep. 
on the Prices for Raw Rubber, 1951 » 26 ; Banerjec, 
Indian Rubb, Bull., Spec. Number, 1954, 26). 


Export — During the first three decades of the 
present century, practically the entire production of 
raw rubber in India was exported, as there was no 
rubber manufacturing industry in the country. At 
present, there is a ban on exports of raw rubber, except 
sole crepe, which is produced in excess of the internal 
demand. Sole crepe is exported against quotas fixed 
each year by the Government, on the recommenda- 
tion of the Indian Rubber Board. U.K. and U.S.A. 
are the principal importers of Indian rubber. Since 


TABLE 18 -lMPORTS OF RUBBER INTO INDIA 
(qiy in thousand lb. and val. in thousand Rs.) 

Qty imported from Total 




Ceylon 

Burma 

Malaya & 
Singapore 

U.S.A. 

Othei 

Qty 

Val. 

1929/30-1933/34 (av.) 


355 


233 

. . 

63 

651 

194 

1934/35-1938/39 (av.) 


639 

2,233 

170 


115 

3,157 

846 

1944-45 




. . 

71 

. . 

71 

19 

1945-46 


.. 



138 


138 

41 

1946-47 


211 


2 

155 

(«) 

368 

246 

1947-48 


2,003 

45 

1,232 

565 

3 

3,848 

2,049 

1948 49 


2,924 


11,881 

574 

179 

15,558 

10,146 

1949-50 


558 


1,928 

4 

382 

2,872 

1,705 

1950-51 


3,503 


6,987 

16 

1,474 

11,980 

30,087 

1951-52 


1,894 


7,729 

285 

1,257 

11,165 

24,581 

1952-53 


292 


6.024 

105 

1,152 

7,573 

9,264 

1953 54 


56 


3 

247 

1,185 

1,491 

879 

1954 55 


112 


7,550 

310 

2,542 

10,514 

10,.349 

1955 56 


150 


8,575 

2,667 

3,684 

1. '5,076 

19,557 

{a) Below 500 lb. 










TABLE 19— COMPARATIVE PRICES OF RUBBER IN INDIAN ANi. 

(price per lb.) 

WORLD MARKETS* 



London 

No. 1 R.S.S. 

(sh. d.) 

New York 
No. 1 R.S.S. 
(U.S. cents) 


Singapore 

No. 1 R.S.S. 
(Straits cents) 

Colombo 

No. 1 R.S.S. 

(Ceylon cents) 

India 

R.M.A. 

(Rs.) 

1950 

2 

9A 

41.10 


108.18 


155.4 

1.28 

1951 

4 

m 

59.07 


169.55 


214.7 

1.28 

1952 

2 


38.57 


96,07 


137.7 

1.38 

1953 

1 


24.23 


67.44 


1.35.2 

1.38 

1954 

1 

8* 

23.64 


67.30 


110.9 

1.38 

1955 

2 

9* 

39.14 


114.16 


128.2 

1.50 

1956 

2 

♦if 

34.17 


96.76 


144.7 

1.56 

1957 

2 

2* 

31.15 


88.75 


114.7 

1.56 


•Indian Rubb. Statist., 1950, 3; Rubb. in India, 1951, 1952, 1953 & 1954; Rubb. Statist. Bull., 1957, 11(7), 38. 
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1951-52, U.K. has been absorbing practically all the 
exports from India (Table 17) {Indian Rttbh. Statist., 
1950, 6 ; Indian Tariff Rd, Rep. on the Prices for Ra^te 
Rubber, 1951, 34). 

Import — Imports of riibhor into India by manu- 
facturers of rubber products were being permitted 
since 1947, on the basis of the dry rubber content 
(l).R.C.) of rubber goods exported by them ; imports 
are now permitted on the overall shonage of rubber 
in the country. Based on estimates of indigenous pro- 
duction and consumption worked out by the Rubbet 
Board, licenses are issued for import on an ad hoc 
basis for six grades, viz. crepe rubber other than 
sole cre|>e, sheet rubber, scrap rubber latex, and 
reclaimed rubber (Table iH) \Indian Tariff Rd, Rep. 
on the Prices for Raze Rubber, 1951, 34 ; Indian Ruhb. 
Statist., 1950, 6 : Ruhb. India, 1953, 5 (i i), 3 ; Banerjee, 
Indian Rubb. Rull., Spec. Number, 1954, 26|. 

Prices — Prices of all grades of rubber produced in 
India are controlled since 1942. The |)rices are fixed 
f.o.b. Ck)chin and prices at other places bear a relation 
to Cochin prices (Table 19). From April 1950, world 
prices became abnormally high due to the outbreak 
of the Korean war and the consetpient drive for stock- 
piling rubber, particularly in U.S.A. and U.S.S.R. In 
view of tlie disparity between prices in India anti 
foreign countries, the controlled price for R.M.A. i 
rubber was raised in 1951 and the maximum price 
fixed at Rs. 128 per 100 Ih. 'J'he price was revised in 
1952 to Rs. 138 |)er 100 Ih. and again in 1955 to 
Rs. 150 per too lb. The maximum |)rice was raised 
to Rs. 155.75 with effect from September 23, 1955. A 
schedule of the maximum and mininuiin prices for 
various grades of rubber as fixed by the Covernment 
of India and in force at present is given in Table 20. 
The present world |)rices of rubber are somewhat 
lower than Indian prices \Indian Tariff Rd, Rep. on 
the Prices for Raze Rubber, 1951, 20, 25, 26, 4t)-43 ; 
First Annu. Rep. Tariff ilonimissioii, 1952-53, 32 : 
Tariff Commission, Rep. on the Revi.siofi of Raze 
Rubber, 1952: Rubb. India, 1952, 4 ( 8 ), 7, 21 : ibid., 
1952, 4 (io), 4. 15, 27 ; ibid., 1955, 7(3), i2|. 

Rubber Seed and Seed Oii. 

1'he seeds of H. brasiliensis resemble castor seeds in 
appearance : they are larger and heavier (wt. of seed, 
2 4 g.). "I'he kernels (50-60% of the seed) possess .1 
flavour resembling that of hazelnut. Analysis of the 
kernel gave the following values: moisture, 8.5: 
crude protein, 17.63 ; ether exlr., 48.50 ; total carbo- 
hydrates, 22.89 i 2*4^ y calcium, 0.12 ; and phos- 


TABIK 20 — CC\NTH01 1 FD MAXIMUM AND MINIMUM PRICES (F.O.B. 
COCHIN^ OF RUBBER* 


Rs. per 100 

lb. 

Cruup 1 

Max. 

■» 

Min. 

H.M.A. IX 

LS.S.7.S 

154.75 

H.M.A. 1 

155.75 

LS4.75 

(irotip 1 



K..M.A. 2 

154.25 

155.25 

R.M.A. .t 

152.75 

151.75 

CiitiiiigK No. 1 

145.25 

144.25 

Group .> 



K.M.A. I 

140.25 

148.25 

R.M.A. .S 

145.25 

144.25 

Cuttings No. 2 

1 50.25 

I.t8.25 

Group 4 



l*icto;igii!;tlcd Crepe 

U)L25 

100.25 

l*alc Gatfx Crepe IX 

LSy.25 

158.25 

Pall* Lalfx Crepe 1 

157.25 

1.S0.25 

Pale Latex Crepe 2 

1 >b.2S 

\55.1.') 

Pale Latex Crepe d LAO 

\ 55.25 

1.54.25 

Group 



Kstate Brown Crepe Super 1 X 

151.25 

150.25 

Estate Brown Crepe IX 

147.25 

140.25 

Estate Brown Cn pe 2.\ 

144.25 

145.25 

Smoked Blanket 

147.25 

140.25 

Reiiiilled Crepe 1 

).t0.75 

1. 58.75 

Ciroup 0 



Kstate Brown Crepe .L\ 

H6.2S 

155.25 

Ketuilled Crepe 4 

I.H.25 

1.55.25 

Remilled Crepe 4 

1 28.75 

127.75 

(.Jioiip 7 



Klal Bark 

1 20.25 

119.25 

Normal Latex (e\<Iiid 
ing eosr of eontainei) 

150.75 4 a 
premium of 

Rs. 17..S0 per 
100 lb. of 

D.R.C. 

I S5.75 1 a 
premium of 
Rs. 17..S0 per 
100 lb. of 
D.R.C. 

.>() to .^5"., Cone. Latex (e> 
eluding lost of eontainei) 

150.75 -|- a 
premium of 

Rs. 4.LOO per 
100 lb. of 
D.R.t:. 

1.55.75 4- a 
premium of 
Rs. 45.00 per 
100 lb. of 
D.R.C. 


Riihb. mi Hull.. 4(1), 27. 
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/. set. induslr. Res., 1947, 6(5). suppl.. 64 ; Redgrovc, 
Gdiirs" C/iron., 1932, 91 , 124; Guenther, V\, 173; 
Nicholls cV Hollanci. 6io|. 

Musk seeds, also known as Amhrette seeds and 
Grains d'Anihrette, possess a delicate inusk-like odour 
and are valued for the volatile oil present in the seed 
coat. The seeds contain: moisture, 11.4; protein, 
2.30: starch, 13.35 ’ ^'t^de lihre. 31.46 ; and fatty oil, 
i4.5'’o : volatile oil (0.2 o/)Vo), a resin and a hitter 
suhstance are present (Krishna & Badhwar, loc. cit. : 
Chou. Abstr., 1948, 42 , 3912 ; Wehiner, II, 756). 

Musk Seed Oil or Amhrette Seed Oil, which is the 
name hy which the volatile oil is known, is extracted 
by steam-distillation of crushed seeds and used in high 
grade perfumery. The crude oil (concrete) is semi- 
solid at ordinary temperature^s and contains a high 
|)ercentage of fatty acids, chiefly palmitic acid. It is 
incom|)letely soluble in alcohol and tends to become 
raiuid on keeping. For use in |X‘rfumery, the fatty 
acids are removed hv treatment with dilute alcohol 
or hy precipitation as calcium or lithium soaps, and 
a li(|uid oil (absolute) is obtained which is six times 
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as Strong as the crude product (Guenther, VI, 173 : 
Redgrove, Ich . cit. : Poucher, 1, 35). 

Musk seed oil is also prepared hy extraction with 
hen/ene : petroleum ether and alcohol may also he 
employed as solvents. The concrete t)htained is of a 
resinous nature and an absolute with a remarkahly 
persistent otlour is prepared from it. Extraction with 
petroleum ether yields 10-14% of a resinoid, of which 
80% is soluble in alcohol (Poucher, 1 , 35 ; Naves & 
Mazuyer, 262). 

The cr title product obtained hy the steam-distilla- 
tion of crushed seeds has a variable melting point 
depending upon the concentration of fatty acids. The 
characteristics of the concrete and the absolute are as 
follows: concrete — sp. gr.‘”‘, c. 0.89, sp. gr.''““, c. 0.88 ; 
acid, val., 75-140 : ester val., 66 -130 ; insol. in 10 vol. 
of 90‘X. alcohol; absolute— sp, gr.’**’, 0.905-0.917; 
|a]„, up to -f 1.6° (seldom /-rotatory, up to -2.4°); 

1.474-1.480: acid val., 0.4-2. 5 ; ester val., 
137-190 : sol. in 2.5-8 vol. or more of 80% alcohol. 
‘Pure’ specimens of liquid amhrette seed oil, examined 
by Fritzsche Brothers, Inc., New York, gave the 
following characteristics: sp. gr.^'*’, 0.902-0.920; 
[<»]„, +0.2" to -f2.8‘^ ; 1.4695-1.4768; acid val., 

2.8 (max.): ester val., 143.7-196.0; ester val. after 
acetylation. 206.3-213.7 : .sol. in 0.5 vol. of 90% 
alcohol, often opalescent with more : sometimes sol. 
in 2-4 vol. of 80% alcohol or more (Guenther, VI, 
174-75 : Finnemore, 507). 

The main constituent of the oil is a se.s(jiiiterpene 
alcohol, farnesol (C,..Ha,.0 : 0.12% on the wt. of seed), 
rhe characteristic musk-like odour is due mainly to 
the presence of a ketone, ambrettolide (CiftHagOj ; 
b.p., 154-56°/! mill. ; sp. gr.’“’, 0.9580; 1.4815), 

a lactone of ambrettolic acid (i6-hydroxy-7-hexa- 
dccenoic acid, C,f,Il;,oO;, : m.p., a-isomer 53-55°» 
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^-isomer 26-27°) ; on hydrogenation, ambrettolic add 
is converted into dihydroambrettolic acid : 

in.p., 92-93°) which is identical with juniperic acifl. 
Amhrcttolide is present in the crude oil to the extent 
of 0.3% and is a colourless viscous licjuid : the presence 
of acetic and ambrettolic acids in ester forms has 
i)een reported. Furfural is present in the water con 
densate obtained by steam-distillation (Guenther. VI, 
175 ; Wehiner, IT, 756 ; West cl al., 201 ; Ileilbron & 
Bunbury, I, 61). 

The absolute is used as an adjunct in high grade 
perfumes and is dosed most carefully on account of 
its powerful persistent odour. Ambrettolide (natural 
or synthetic) is an expensive concentrated perfume 
used in traces as an exalting agent. It has an odour 
more |xrnetraling than the absolute, but the latter has 
a smoother aroma. The concrete may l)e used in 
cosmetics. Musk seed fragrance though resembling 
that of animal musk, is essentially floral in character, 
and the faecal note which is sometimes .seen in animal 
musk is ab.sent (Guenther, VI, 175 ; West cl al., 201 : 
Redgrove, loc. cit.). 

The fatty oil extracted from the seeds is greenish 
yellow in colour. It .solidifies gradually on exposure to 
air and gives a positive reaction in the Halphen test. 
It has the following characteristics: , 1.4641 ; acid 

val., 19.87; sap. val., 198.8: iod. val, 65.1: and 
Ch'ismer val., 48° (Dymock, Warden & Hooper, I, 210 : 
Chem. Ahslr.y 1942, 36 , 1203 ; Adriaens, 194). 

Musk seeds are used in perfumery for imparting a 
musky odour to .sachets and hair powder. In Africa 
they are pounded with cloves and other scented 
materials for use as body perfume. The Arabs are 
re|>orted to use the .seeds as a flavouring agent for 
collee. In India, they are mostly employed as an adul- 
terant for animal musk and in perfumes. The seeds 
po.s.se.ss insecticidal properties and are dusted, after 
reducing to powder, over woollen garments for 
protection against moths (Nicholls & Holland, 610 ; 
Dalziel, 126; Burkill, I, 1164; Redgrove, loc. cit.; 
Wren, 244). 

The seeds arc u.sed as tonic, carminative, stoma- 
chic, stimulant and anti-spasmodic, and administered 
in the form of tincture. They are useful in hysteria 
and other nervous troubles and as an inhalation for 
dryness of throat. A paste made from the seeds with 
milk is applied for itches. T.ieaves and roots arc 
employed in Malaya for poulticing (Dalziel, 126 ; 
Kirt. & Basil, I, 331 ; Nadkarni, I, 627 ; Burkill, I, 
1 164 ; Wren, 244 : Quisumbing, 573). 

Tender leaves and shoots arc reported to be eaten 


in soups ; green pods arc used as vegetable in Zanzibar 
and Pemba. The mucilage of roots is employed for 
sizing paper in China : that of leaves for clarifying 
sugar juice in northern India. Extracts of the upper 
parts of the plant and fruits show insecticidal toxicity 
(Dalziel, 126: Burkill, I. 1164: Williams, 296; Heal 
cl aL, [Joydiu, 1950. 13 , 89). 

'riie stem bark yields a jute-like fibre (cellulose 
content, 78‘/*«»)- The strength of the fibre is not affected 
by wetting and rhotigh stiitable for cordage, it is not 
known in the fibre trade (FI. Assam. 1 , 144 ; Adriaens. 
194 ; Haarer, 159). 

H. cannabinus Linn. Bimm or Bimi.ip.mam ]i:tk, 
Ambari Hh.mp. Dkcxian Hk.mp. KK.\Ar, Mksia 

D.F.P., IV, 231; G.P.. 630; FI. Br. Ind., I, 339: 
H.aarer, 3-10. 

Sans. — Nalila ; HiNor Aiuhari, pulsan, pilzca : 
Bknc. Mcsldpal : Mar. Ambadi, anihada : (h’j. - 
Ambari, shcria ; Tfl. -Gog//, goakura, gaynarn : 
I'am. — I^idiclihai, pitlimaiiji, kasini ; Ka.v. Pinidi ; 
Mai.. Kan jam ; Oriya — Katiuri\a. 

Bihar — Kudrum, dare kudntni ; Pcnjab Sankokla. 

An erect herbaceous annual with straight, slender, 
glabrous or prickly stem, 8-12 ft. high ; lower leaves 
cordate, tipper leaves deeply palmately 5-7 lobed ; 
lobes oblong-lanceolate, sinuous, denticulate ; flowers 
axillary, large, 3-4 inches in diam., yellow with 
crimson centre : capsules globose, pointed, hristlv ; 
seeds large, brown, nearly glabrous. 

The ]}lant is apparently indigenous to Inrlia ; some 
consider it to be a native of tropical Africa, where 
numerous types are found growing wild. In India, it 
has been under cultivation since long and is found 
distributed throughout the country up to an elevation 
of 3,(xx) ft. in the lower Himalayas ; in manv locali- 
ties, it is an esca|)c from cultivation. 

The plant is cultivated mainly as a fibre crop in 
the drier tracts of Deccan, comprising Andhra 
Pradesh, parts of Mysore, Bombay, Madhya Pradesh, 
and Bihar. In other areas, it is cultivated on a limited 
scale, as a supplementary crop in mixture with others. 
'The important centres of cultivation for fibre pur- 
po.ses are: Srikakulam, Visakhapatnam, Krishna and 
Guntur districts in Andhra : Coimbatore and S. Arcot 
in Madras : Belgaum, Bijapur and Dharuar in 
Mysore : and Sholapur, W. Khandesh, F. Khandesh, 
and Thana in Bombay. Outside India, partictilarly in 
countries where conditions for jute cultivation are not 
favourable, attempts bave been made to cultivate the 
plant and success has been reported from U.S.S.R., 
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5. Africa and parts of Central and North America. 

The plant is also grown in Java, Philippines, Korea, 
China and Formosa (Floward Howard, Mem, Dep, 
Afrric. India, Bot., 1911, 4, 9; Sircar, Misc. Bull. 
Indian Conn, agric. Res., No, 66, 1948, 30 ; McCann, 
U.S. Dep. Agric. Bihliogr. Bull., No. 17, 1952 ; Haarcr, 
8 9 ; McGregor, Jute Bull., 1952-53, 15, 33 ; Ray, 
ibid., 1953-54, 16, 257 ; Bally, Ciha Rev., No. 108, 
*y55» : Kar, 105). 

Numerous varieties of //. cannahinus arc found in 
cultivated and semi-wild states in various producing 
countries. They differ from one another in the colour 
and thickness of the stem, leaf form, flower colour and 
certain agricultural characteristics, such as adaptabi- 
lity to different soils and climates, vigour of growth, 
and rate of maturation. From a study of a large 
number of variants collected all over India, 5 distinct 
varieties comprising eight agricultural types have 
been isolated at Pusa (Bihar). These are : var. simplex 
(Type i), var. viridis (Ty|XJ 2), var. ruber (Type 3), 
var. ptirpureus (Types 4^5) and var. vulgaris (Types 

6, 7 & 8). Among these, Ty{)c 3 and Type 6 (renamed 
N.P. 3 and N.P. 6) are best suited for fibre purposes. 
N.P. 3 with general vigour and capacity to grow and 


set seed under comparatively unfavourable conditions 
is well adapted for conditions obtaining in Bihar and 
North India, and N.P. 6 with tall and unbranched 
stems and capacity to mature early is suited for areas 
where a rabi crop can be raised after harvesting the 
fibre crop. In U.S.S.R. also, diversities in types and 
variations in vegetative and reproductive structures 
have been observed, and it has been found possible by 
selection alone to isolate types adapted for a wide 
range of soils and climates. Types corresponding to 
var. viridis (Type 2) and var. vulgaris (Type 8) are 
grown in Cuba (Floward & Howard, loc. cit. : Agric. 
/. India, 1915, 10 , 224 : Shaw tk Kashiram, Agric. Live- 
Stk India, 1934. 4, 476 ; Haarer, 26-38 : McCann, loc. 
cit. ; Crane, Dcon. Bot., 1947, 1 , 334 ). 


CUL'nVAIlON 

II. cannahinus is essentially a tropical crop, thriv- 
ing best in a humid climate with a temperature range 
cjf 60-80° F. during the growing season. It recpiires 
a rainfall of 20-25 in. distributed evenly over a period 
of 4-5 months, followed by a dry period. It is rather 
sensitive to frost and the limits of its cultivation lie 
between 45°N and 30°S latitudes. The plant is less 
exacting in its recpiirements than jute and is therefore 
preferred for cultivation as a jute substitute in parts 
of Iiulia and in sub-tropical countries (Haarer, 39 ; 
Crane, loc. cit.). 

Besides temperature and rainfall, the length of day 
also influences the growth and maturation of the 
plant. Longer days favour rapid vegetative growth 
and flowering starts when the length of day begins 
to decrease. This photoperiodic influence is not a 
limiting factor in India and the cultivation period in 
most producing areas coincides with the long summer 
days ; flowering commences towards the end of the 
monsoon period (October -November) when the 
length of day begins to decline. Outside the tropics, 
however, the growing season has to correspond with 
long days. Investigations in Russia have shown that 
based on the photoperiodic response, four groups 
can be distinguished, namely, those in which the 
durations of the vegetative period are 90-110 
days; 1 10-120 days; 120-130 days; and 140- 150 
days (Haarer, 10, 36, 40 ; Crane, loc. cit. ; McCann, 
loc. cit.). 

Bimli jute thrives best in well-drained, sandy Inam 
soil, neutral in reaction and containing considerable 
quantity of humus ; it docs not grow under water- 
logged conditions. The alluvial soils of N. Gujarat, 
medium black soils of the Deccan and the red loam 
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and latcritc soils of S. India are well suited for cuhi- 
vation. It is generally grown mixed with other crops, 
such as hajra, jowar, ragi, rice and cotton, and also 
as a border crop in sugarcane and cotton fields. The 
plant is cultivated mainly as a kharif crop, i.e. sown 
from May to July and harvested in Octobei -Novem- 
ber. In areas of low rainfall, it is grown with protected 
irrigation (Haarer, 43 ; Mollison, III, 228 ; Yegna 
Narayan Aiyer, 446-47 ; Kirby, Bull, imp. Insi., 
Loud., 1947, 45, 117 ; Mukerji, 233 ; Yegna Narayan 
Aiyer, Indum /. ugric. Sci,, 1949 19, 439 ; Gammic 
& Patwardhan, Bull. Dip. Agric. Bombay, No. 30. 
1928. 7)- 

The seeds are sown broadcast or by drilling in rows 
8 -12 in. a[>art, the distance between plants in the row 
being 2 -3 in. The seed rate is 10-15 seers per acre 
when a pure crop is raised. In S. India where the 
crop is grown alternating with five rows of jowar or 
ragi, the rows are about 6 ft. apart. When broadcast, 
seeds are sown fairly thick and the plants thinned 
out later. Thick sowing favours straight-growth 
without much branching and this is helpful for fibre 
production. Wider spacing is beneficial for seed pro- 
duction (Haarer, 46 50 ; Rep. hidiatt Jute Comm., 
■953-54* 224). 

Seeds for sowing arc collected from ripe pods ; if 
collected before full ripening, they arc stored for 2-5 
months for maturing. Under ordinary storage condi- 
tions, seeds retain tlieir viability for about 8 months. 
Seeds germinate in 3-10 days, depending on soil 
moisture and temperature. Except for thinning in the 
earlier stages and one or two hoeings till the plants 
attain a height of about i ft., practically no further 
attention is given to the crop. Being mostly a mixed 
crop, the plant participates in the cultural treatments 
given to the main crop with which it is associated 
(Oane, loc. cit. : Haarer, 48 : Yegna Narayan Aiyer, 
447 : Roberts & Kartar Singh, 327 ; Mukerji, 233). 

Diseases and Pests— A large number of diseases 
catised by fungi are reported from various countries. 
I'hc more serious diseases recorded in India arc dry 
root rot caused by Macropbomina phaseoli (Matibl.) 
Ashby, leaf spot by Cercospora hihisci Tracy & Earle, 
leaf blight by Phyllosticla hihisci Peck and stem rot 
by Diplodui hibiscina Cke. & EH. Recently a brown 
rot caused by Volutella sp. has been recorded on most 
types grown in India. In Russia, a large number of 
fungi belonging to the genera Altcrnaria, Fusarium, 
Penicillium and Trichothceium have been found on 
seeds ; some like Fusarium affect seed tissues and 
consetpiently germination (Crane, loc. cit. : Indian J. 


agric. Sci., 1950, 20, 107 ; Ghosh & George, Indum 
Pliytopath., 1953, 6, ; McC'ann, loc. cit.). 

Among the insect pests repotted, particular 
mention may be made of Agrilus acutus which pro- 
duces an elongated gall on the stem, and Podagrica 
apicefulva. Seeds in storage arc affected by Spermo- 
pltagus tessellatus ; the j^est can be controlled by 
treatment with -y-BHC [Mem. Dep. Agric. Madras, 
No. 36, 1954, 1057 ; Rep. Jute agric. Res. Inst., Indian 
Jute Comm., 1951-52, 114 ; Rep. Indian Jute Comm., 
1948-49. 14 ; ibid., 1953-54, 234). 

llARVES riNC AND FlBRE Ex I RAC I ION 

The crop is ready for harvesting 3-5 months after 
the sowing. For fibre purposes, the harvesting is done 
at the flowering stage before seed setting ; if delayed, 
the fibre obtained is coarse with little lustre. The 
plants are cut close to the ground with a sickle or 
pulled out by the roots, tied into bundles of 30 to 40 
stalks, left on the field for a few days to dry and then 
steeped in water for retting. Attempts have been 
made in America and Europe to develop mechani- 
cal appliances, similar to the hemp harvest binder, 
for harvesting the crop (Haarer, 51-54: Crane, 
loc cit.). 

The method of retting bimli is the .same as that 
adopted for jute or sunn hemp. The leafy tops are 
cut off and the bundles steeped vertically in water for 
2-3 days to soak the thick ha.sal parts. 'Phey are then 
steeped in a hori/ontal position, after weighting with 
logs, stones, clods of earth or grass. The period of 
retting varies from 6 to 10 days depending upon the 
maturity of the crop at the time of harvesting, the 
temperature of water and the tyjies of micro- 
organisms present. The j>rogress of retting reejuires 
watching: under-retting docs not facilitate the easy 
removal of fibre and the fibre obtained is harsh and 
brittle : over-retting weakens the strength of the fibre. 
Retted bundles are removed and the bark peeled ofl 
from the root upwards. The strips are gently beaten 
with a mallet or stick and rinsed in water to separate 
the fibre from adhering tissue. The clean fibre is 
washed, dried in the sun and made into bundles or 
hanks for marketing (With India — Raw Materials, II, 
33«. 337 ; Haarer, 51-54. 56-57 ; ]utc Bull., 1951-52. 
14, 288). 

Mechanical deixirtication (scutching) with or 
without retting has been tried in S. Africa and western 
countries. Scutched fibre is harsher, weaker and 
inferior in .spinning ([uality in comparison with retted 
fibre (Haarer, 69-77 ; Hof, Mclliand Tex til her., 1952, 
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32 , 741 ; Stall b, World C rolys, 1953, 5 , 51 ; Jute Bull., 
• 95 ' 

Yield The yield of dry tibre ranges from 
21)0 to i,2(K) lb. per acre, according as the crop is 
grown mixed or pure. Yields as high as 2,000-2,700 lb. 
or more per acre have been reported from pure crops 
in other countries ; Watt has recorded a yield of 
6,400 lb. of clean fibre per acre, on the basis of 1 lb. 
of fibre from too stalks taken at random ; the average 
fibre outturn works out to 16-17% weight of 

dry stalks (Yegna Narayan Aiyer, 448 ; Roberts 
Kartar Singh, 454 ; Mollison, III, 22S : Crane, loc. 
l it. : Bally, (Uha Rev., No. 108, 1955, 3902 ; Kirby, loc. 
lit. ; Rej). Jute //gnV. Res. Inst., Indian Jute Comm., 

*953 54 ’ 90 - 

Seed production -Plants grown for fibre give a low 
seed yield. They are tall and seeds are difficult 
to collect. For seed purposes, late planting in 
|uly-Augusl with wider spacing is advocated so that 
a crop of stunted growth with profu.se branches is 
raised. The seeds start ripening from the lowest 
capsule upwards in succession and harvesting is done 
when the capsules in the middle tier become mature. 
'J’he seeds are threshed out after drying by beating 
and cleaned by winnowing. The average yield of seed 
is 700-800 11). per acre : yields up to 1 ton per 
acre have been recorded (("rane, loc. cit. : Haarer, 
54 56. 49 )- 

Fibre characteristics Bimli jute fibre is extracted 
from the inner part of the cortex, outside the 
cambium layer. The fibre strands range in length 
from 5 to 10 ft. and are compo.sed of idtiinate 
libres 1.5 6.0 mm. in length and 12 -33/t in diameter, 
'fhe ultimate libres are cylindrical in shape with 
thickened walls and blunt or pointed ends, poly- 
gonal and rounded in cross section with small 
or large lumen. J'wo tyjies of libres, primary and 
secondary, are reported to be present in the bark. 
'Fhe primary libres arising from the terminal 
meristem are more glossy and flexible than the 
secondary fibres wbicb arise from cambial activity. 
44 ie ratio of pritnary to secondary fibres varies accor- 
ding to I be plant height and thickness, "^riic barks of 
early maturing types contain a larger percentage of 
primary fibres than tho.se of late maturing ones 
(I laarer, 13 15 : Matthews, 330). 

The fibre is comparable to jute in lustre, but is 
somewhat coarser, harsher and more brittle and 
inflexible ; it is more resistant to rot. It can be spun 
alone or in admixture with jute, on machinery 
employed for jute spinning witliout major modifica- 


TABI.R l-PHYSICAI. CHARACTERISTICS OF BIMI.I, ROSEM.E 8L 
JUTE FIBRES' 

(basis: 15 in. fibre buiullcs weighing 5 g.) 


Jute 


F'inri)es.s 

(1,000 fl. Il>.) 

bimli 

270 

Roselle 

287 

High 

grade 

880 

Low 

grade 

490 

breaking sirciigth (lb.) 





Dry 

44 

40 

55 

4.1 

Wet 

40 

47 

44 

36 

breaking strength 
after w'eatliering (Ib.)t 

42 

.Cl 

41 

29 

Elcxural enduraiitc 
(cyeles) 





At .SO'*,, original 
strength 

200 

400 

420 

500 

At strength of 

20 lb. 

150 

450 

710 

620 

Elongation at 
rupture 





Dry 

1.7 

1.7 

1.7 

1.3 

Wet 

2.1 

1.8 

1.5 

1.3 


♦ Mallliews, latter 100 br. expuMire in a Iwin-are 

WTatheronieler. 

tions. It can be spun to 10 lb. yarn with an average 
([iiality ratio (QR) of 80 ; well-grown, early harvested 
and properly retted fibre has a QR of at least 90 
(the QR figures for 10 lb. white jute yarns vary from 
80 to 105: those for tossa yarn, from 90 to 1 15). 
Spinning tests have shown tliat bimli jute of QR 80 
in 10 11). yarn can be mixed with an c(|ual weight 
of medium ipialily jute (QR 90 in 10 lb. yarn) for 
average hessiac. weft yarns ; superior grades may be 
used in higher proportions. Bimli fibre cannot he 
spun to such fine yarns as 8's, for which first ijuality 
jute is used. The strength and other physical proper- 
ties of bimli, jute and roselle (from //. sabdarijjn var. 
altissima) fibres are given in Table i (Haarer, 18-20 : 
Jute Bull., 1949-50. 12 , 96, 454 ; ibid., 1953-54, 16 , 
425 : Ray, ibid., 1952-53. 15 , 79). 

Chemical characteristics — ^'I’he cellulose content of 
bimli fibre ranges from 68.8 to 79.9%. Examina- 
tion of numerous fibre samples (moisture content, 
8.2-1 2.57Q from different parts of the world gave the 
following range of values (moisture-free basis): ash, 
0.4-3.2 ; a-hydrolysis loss, 6.1-17.9 J )3-hydrolysis loss, 
9.3 22.1 : acid purification loss. 0.6--6.7 ; loss on wash- 
ing with water, 0.4 7.6 ; and cellulose, 68.8-79.9%; 
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TABLE 2 — ANALYSIS OF BIMLl, ROSEl.LE AND 
JUTE FIBRES* 

("„ oil moisture free basis) 


|uic 



Indian 

connnercial 

bimli 

Uosellel 

f — 

Low 

gratlc 

^ 

Extra line 
j^radc 

Ash 

I..1 

1.1 

0.0 

0.7 

«-Hy<lrolysis loss 

II.S 

12..I 

15.2 

0.1 

/i -1 lyclrolysis loss 

15.1 

17.S 

U,.l 

15.1 

Acid piirificiilion loss 

1.0 

1.4 

2.6 

2-0 

evil 11 lose 

75.4 

7.1.0 

71.4 

77.7 

* Haarer, 1 7, SS. 






c’oinparalivc values for Indian hiinli, roscllc and jute 
arc given in Table 2. 'I’he cclliibises |)resenl are (oeen- 
dry liasis); lioloeellulose, SS.2 ; <j-eellulose, 61.6 : and 
bemieellulose, 14.2*’;.. As in tlie ease of jute and 
roselle, the aleoliol-insoluble liemieellulose is eoni- 
posed predominantly of pentoses (xylose and uronic 
arid). The fibre contains (oven-dry basis): lignin, 
5-95 ’ furfuraldebyde, 1 1.30 : cell furfuraldehyde, 
8.<;o : furfuraldebyde from polyuronides, 2.4 : atnl 
xylan in cellulose, 13.8",.. Other constituents present 
in the fibre are proteins, organic bases, carbohydrates, 
chiefly polysaccliarides (starch and <ie\trins, 
pectins, tannins, (ibosphatides, wax and resinous 
substances. 'The ash contains calcium, magnesium, 
sodium and j^otassium (llaarer, 16: Mazumdar, 
y. sci. indnstr, Rrs., 1955, 14B, 542 : Norman, 
Ihoc/icni. 1937, 31, 1575 ; ClictH, /l/;.s7r., i(;3o, 

24, 6023). 

Bimli fibre, though coarser than jute, contains 
less lignin i(bimJi, 6.3-<;.6;,, : jute, 10.5-1 4.3', Y,). Its 
coarseness is attributed to the uneven sjiread of the 
encrusting lignin : the higher xylan content (13.8‘V, 
as compared to 10.2% in jute) may also account for 
the coarseness. In its reaction to iodine and sulphuric 
acid, bimli fibre resembles sunn hemp (from 
Crolalaria juuccd). The median layer of lignin 
surrounding the cell wall gives a much darker colour 
reaction than the inner layer. The copper number of 
bimli cellulose is 0.75 (Norman, loc. cit. : Biswas, 
Curr, Set., 1935, 3, 571 ; Das ct c//., Sci. Cu//., 
ICJ50-51, 16, 117 : /. sci. vidustr. Res., 1CJ55. 14B, 407 : 
Matthews, 331 : Ramamurti, Proc. Rajastfitui Acad. 
Sci., i(j5i, 2, 22). 

Jute has a higher fibre cjuality index (<(47.6) than 
bimli fibre (^>40.7). The pro|X)rtion of acetyl groups 
present in the two fibres is also significantly different : 


the upper limit for jute fibre is 92 milli-e(|uivalents of 
acetic acid /icx) g. of oven-dry fibre (86.4 92.1 for 
Corchorus capsularis and 71.6-78.5 for C. olitorius), 
while the lower limit for Hibiscus fibre is 98 milli- 
ecpiivalents of acetic acid (98.1-124.3). The two fibres 
may be distinguished by the examination of the 
ashes obtained by incineration : clusters of crystals 
are present in abundance in the ash of llihisctts fibre : 
such crystals are less freejuent in the ash of jute ; 
further, the crystals in the latter occur in chains 
in the region of nodes : the nature of the crystals, 
however, has not been fully c'stablished (Das ct uL, 
J. sci. iudustr. Res., 1CJ55, 14B, 407 ; Son tar & Dryden, 
/. Tc’.v/. hist., 1CJ55, 46, T521 : Jarman & Kirby, Colon. 
PI. Aniin. Prod., i(;55. 5, 281 : Cornelius, ibid., 191?^, 
5, 286). 

Bimli fibre is suitable for the manufacture of jiaper 
pulp. Pulping tests show that it can be readily cooked 
with 15“., caustic soda solution (yield of pulp, 83.4“..) : 
the pulp is easy to bleach. It may be used in blends 
with pulps from sb*>rt-fibred hardwoods or agricul- 
tural residues for imparting high tearing strength to 
specialty |)apers. Bimli waste, containing woculy 
material, could likewise be cooked with c:aiistic soda 
(15 '.,) to yield strong pulp (I.atbrop cV Nelson, Indian 
Pulp Pap., 1954-55, 27). 

(/.vt’.v- -Bimli fibre is widely used for rope and 
cordage. Ck)nsiderable (pianrities arc used in making 
fishing nets and strings for tying rafters. It is also 
used for coarse canvas, sacks and gunny bags, floor 
matting, rug backing, chair backing, etc. Fibre of 
poor (pialily and cuttings is employed in pa[K‘r 
manufacture (Crane, loc. cit. : llaarer. 21. 25 : Sircar. 
jMist', Pull. Indian Cotni. a^ric. Res., No. 66, 1948, ^o ; 
Possibilities of the Development of Fibre Industry in 
the Province of Bombay, it : Dal/iel, 127). 

The stalks left after fibre extraction can be used as 
fuel. Dried stalks are reported to be useful for match 
splinters (Duthie Fuller, 1, 86). 

Seeds Bimli seeds (c. 5 mm. x 3 mm.) are tetra- 
hedral in form with a strongly adherent coat difficult 
to separate from the kernel. Analysis of whole seeds 
gave the following values; moisture, 9.64; mineral 
matter, 6.40 ; fatty oil. 20.37 : nitrogenous matter, 
21.44 *' •'^ttL'cfiarifiable matter, 15.66 : crude fibre, 12.90 ; 
and other matter, 13.94".'. (Dewy. J. Amer. Oil Chem. 
Soc., 1947, 24, 3). 

Whole seeds, after milling, cooking and hydraulic 
pressing yield c. 1370 fatty oil ; better yields are 
obtained by solvent extraction. Cold pressed oil is 
clear yellow in colour and almost odourle.ss. Table 3 
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TABLE 3 >CHARACTHRISTICS OF HIBISCUS SEED OILS* 



//. cannabinus 

H. csctilenlus 

//. sabdariffa 

//. manihot 

Fat foiitciit (Vo) 

18-20 

16-22 

17 

13.4 

Sp. gr. 

0.917 0.926 
(15715“) 

0.916-0.919 
(25725 ) 

0.923 

(15715) 

0.9194 

(20.5 /20.5 ) 

11 ^ 

i> 


1.468-1.473 

1.4715 
(at 20") 

1.4695 
(at 237 

i> 

1.465 1.46(1 

1.462 1.467 

•• 


Ai id val. 

0.5 5.0 

0.2 10.0 

4.4 

6.0 

Sap. val. 

189 195 

192-199 

193 

197 

lod. val. 

y.V-105 

90-100 

107.3 

103 

Hydroxyl val. 


4.9 

•• 


K.M. val. 

.. 

0..3-0.6 

. . 

.. 

Folenskc val. 


0.3 -0.8 

. . 


tIiisa|)oii. matter (%) 

0.4 -5.4 

0.7-1. 4 

1.1 

0.92 


* Kfkcy, <)6l 62. 
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gives the eliaracleristics of oils from tlie seeds of 
hiinli and other Hibiscus spp. The coni[K}ncnt fatty 
acids of l^imli seed oil (i()d. val., 99.7) are: oleic, 45.3 : 
linoleic, 23.4 ; palmitic, 14.0 ; and stearic, 6.0%. Tlie 
oil is used as a lubricant and for lighting. It is suitable 
for soaps, especially hard soap, and for the manufac- 
ture of linoleum, paints and varnislies. Refined oil 
is edible and may be UvSed as salad oil and for cook- 
ing (I laarer, 23 : Lewy, loc. cit. ; Burkill, I, 1 165 ; 
Kckey, 662). 

The press cake, left after the extraction of oil, is 
grey in colour and resembles linseed and rapesecd 
cakes in coinfiosition. Analysis of a sample gave the 
following values (dry wt.): crude protein, 33.0; oil, 
6.0: crude fibre, 17.4; ash, 6.0; and N-frec extr. 


(by difference), 37.6%. An albumin and two globulins 
have been separated from the meal. The following 
amino acids have been identified in the acid hydro- 
lysates of the proteins: albumin (N, 15.38%): 
histidine, 2.57 ; arginine, 6.23 : tyrosine, 1.80 : lysine, 
3.05; giobulin-i (N, 18.41%): histidine, 3.68; 

arginine, 13.60 : tyrosine, 2.13 : lysine. 2.63 ; globulin- 
2: histidine, 3.24; arginine, 12.16 ; tyrosine, 2.04: 
lysine, 1.95%. The cake may be used as a fertilizer ; 
it contains: nitrogen, 5.25; pliosphoric acid (Pa^..)’ 
0.95 : and jiolash (K.X)), 3.74% (Lewy, loc. cit. ; 
Adriaens, 193 ; Chrtn. Abslr., 1931, 25 , 3376). 

'J'he colouring matter of the yellow llowers con- 
sists mostly of the glucoside cannabiscilrin [CoiHo,, 
: yellow crystals : m.p., 245" (decomp.)] along 
with a small amount of the aglucone, cannabiscelin 
(3 : 5 : 7 : 3' : 4' : 5'-hexahydroxy flavone, -.H iuO« ; 
m.p., 154-55^), a llavonol identical with myricetin. 
Cannahiscitrin on hydrolysis with dilute sulphuric 
acid yields glucose and cannabiscctin. The glucoside 
carries the glucose residue in position 3' of the phenyl 
side chain (Neelakantam et al., Proc. Indian Acad. 
Sci., 1941, 14 A, 105 : Seshadri & Venkateswarlu, ibid., 
1946, 23 A, 296 ; Ahluwalia ct al., /. sci. industr. Res., 
1953, 12 B, 13 1). 

Tender leaves of //. cannabinus arc used as pot- 
herb. Leaves, tops and tender branches are used as 
aittle fodder, especially for cows and buffaloes in 
milk. The leaves are considered purgative and 
aperient. The juice of the flowers mixed with sugar 
and black pepper is a remedy for biliousness. Seeds 
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are used as feed for cattle and poultry ; they are 
sometimes used for human consumption after roast- 
ing and crushing. They arc stomachic, appetising, 
aphrodisiac and fattening ; they are also employed 
externally as poultice for pains and bruises (Ycgna 
Narayaii Aiyer, 446 ; Kirt. & Basil, I, 328 ; Haarcr, 22). 



FIG. 50. ACREAGE Oc PRODUCTION OF MESTA 

(av. 195 . 1/54 • 1955 /«i : • - 1.900 acn-s) 


The trade names Mesta and Kenaf are common to 
both //. cannahinns and H, sahdariffa fibres. This has 
resulted in considerable confusion in literature on the 
distribution of the two s{>ecies. At one time the area 
cultivated for mesta fibre was almost entirely under 
/Y. cannabinm, hut of late, H, sahclariffa var. altissimn 
has Ix'en introduced in areas where jute cannot he 
grown and considerable areas have been brought 
under this crop. Statistical data relating to acreage 
and production of mesta include both crops. The two 
species can he distinguished from each other parti- 
cularly by the adnate nature of the bracteoles in the 
flowers and fruits of li. snbdariffa. Table 4 gives the 
statewise acreage and production of mesta in India. 

Marketing — ^'Khe cultivators usually sell their pro- 
duce to local merchants who, in turn, sell it to jute 
mills or shippers in the main marketing centres. For 
export, the fibres are pressed in bales of 330 '4<x) lb. 

'rhe fibre is broadly classed in the trade as Mesta 
and Bimli : the former is usually obtained from the 
jute growing areas of Bengal. Assam, Bihar, U.F. and 
Orissa, and the latter from Andhra and Madras. 'Fhe 
fibre is graded on the basis of colour, lustre and 
percentage of stalks, dirt, etc. The grades recognised 
are: F.A.Q. (fair average cpiality) : A.Q. (average 
quality) ; and rejection. Suggestions have been made 
to gratlc the fibre into Tops, Middles, Bottoms and 
Cross-bottoms, and also to base grading on quality 
characteristics as follows: straight or tangled, colour, 
extent of cuttings, {KMceniage of stick and foreign 


TABLE 4— ACREAGE ft PRODUCTION OF MESTA 

FIBRE* 

Area 

Proiluction 

(tlKuisand acres) 

(thou.sand bales of 40t) Ib. each) 

195.1 54 I9.‘)4-.S5 195.5-56 1956-: 

1952 55 1953 -54 1954 -55 1955 -.56 1956 57 


Andhra Pradesh 

237 

I. IS 

179 

123 

124 

394 

292 

326 

270 

261 

Assam 

3 

.1 

3 

5 

5 

8 

9 

4 

9 

11 

Bihar 

26 

17 

31 

24^* 

54 

26 

16 

40 

.35 

105^* 

Bombay 

85 

1.59 

90 

114 

150 

83 

146 

98 

109 

165 

Madhya Pradesh 

46 

25 

22 

25 

24 

26 

21 

25 

21 

19 

Madras 

1 

4 

1 

1 

1 

3 

7 

2 

2 

2 

Mysore 

4l 

S7 

39 

63 

57 

39 

87 

49 

54 

55 

Orissa 

25 

17 

21 

23 

25 

50 

34 

41 

45 

50 

Punjab 

I 

1 

1 

1 

1 

) 

2 

2 

2 

2 

West Bengal 

IS 

12 

141 

193** 

297 

51 

36 

431 

612^* 

804** 

Total 

484 

463 

528 

572 

738 

6S2 

650 

1.018 

1,1.59 

1,474 


♦Data obtained from the Directorate of Kcon. & Statist., Minist. Food & Agric. •♦Data relate to set up of Stales prior to 
reorganization. 
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mat re r (Sircar, Misc. Bull, ludian Coun. dgric. Res., 
No. 66, 1948, 30; Kar, 106-107). 

In the earlier days, Inmli fibre obtained exclusively 
from II. ainnabinus was being exported in small 
(|u;mtities under the name Deccan Hemp or Bimli- 
patam (ute, the main importing countries being 
U.K., Krance and Uermany, wltere the fibre was used 
for mixing with jute (Sircar, Misc. Hull. Indian Conn, 
a^ric. Res., No. 66, 1948, 30 : Handbook of Connner- 
dal Information for India, 1937, 155). 

Prior to 1949, j)roduclu)n of mesta was small and 
most of it was exported to foreign c<umtries. With 
the devaluation of the Indian rupee, tlie consumption 
of mesta hy Indian mills received a stimulus, largely 
due to its cheapness as compared to jute (Table 5). 
d'he |)n)duction of mesta increased from 7 lakh bales 
in 1952-53 to more than 14 lakh hales in 1956-57, the 
increase being particularly marked in West Bengal. 
Considerable apprehension has been felt that unlimit- 
ed production of mesta and its utili/ation along with 
jtite would adversely affect the (|uality of jute goods : 
also if the cultivation of mesta is allowed to increase 
at the existing rate, jute production in West Bengal 
may receive a set-hack. This matter has been recently 
examined by a committee appointed by the Govern- 
ment of India, which recommends, that thotigh there 
are valid reasons for encotiraging the production of 
mesta, the production shoidd not he at the cost of 
jute, particularly white jute : mesta should be en- 
ct)uraged, but not as a rej)lacement of jute or paddy. 
The following centres have been recommendccl for 
mesta production; Bihar (Purnea, Baidyanath, 
Jhajha, Dalkela, Samastipur) ; U.P. (Bareilly, Bhajoi, 
l)ekanal, Pilibhit, Rainpur. Chandausi, Faizabad) : 
Ori.ssa (Sambalpur, Barghar, Kesinga) : West Bengal 
(Malda, Asan.sol sub-division, Bishanpur sub-divi- 
sion) : Andhra (Parvatipuram, Pathattam, Viziana- 
garam, Nellimarla, Pondura, Sigadam, Srikakulum 


TABLE 5-AVEHAGE WHOLESALE PRICE OF MESTA AT GARSAt 8c 



OF JUTE 
(prict* in 

A t CALCUT’tA 
Rs-a.s |)cr m<L) 

jute 

A 


Mi'sla 

Middle 

Bottom 

1052 x\ 

16 0 

25 1 

20-9 

105 .^ 54 

20 

27 15 

24-4 

1054 .>5 

24 12 

20 0 

26-10 

1055 56 

2.M1 

25 14 

22-12 

1056 57 

27-1 

50 12 

27 12 


Road, Tilaru, Sitanagaram) (Re/). Jute EtKjuiry 
Comm., Minist. Food & Agric., India, 1957). 

Being similar to jute in spinning characteristics, 
mesta is used on a fairly large scale in jute manu- 
factures (sometimes to the extent of 60-80% in hessian 
and sackings). In 1955-56, the entire production of 
nearly 1 1 lakhs of bales of mesta was consumed by 
jute mills ; the consumpiion is ex[)ecied to increase 
to about 20 lakhs bales by 1960-61. 

H. esculentus \ Aim. — A belmoschus esculentus (Linn.) 
Mocnch. Lady’s Finger, Okra, Gumbo 

D.L.P.. rV, 237 : C.P.. 631 : FI. Br. Tnd., I, 343. 

Hindi Bliindi, bhindi tori, ramturai ; Beng. — 
Dlieras ; (iuj. — Binda ; Mar. — Bhendi ; Tel. — Venda, 
bendi ; Tam. Vendai ; Kan. -Bhende ; Mal. — 
Bendai, venda. 

An annual herb with a tall, erect stem, 3-7 ft. high, 
covered with hairs : leaves cordate, palmately 3 5 
lobed, coarsely toothed : lk)W'ers large, yellow with a 
crimson centre : pods 5-12 in. long, pyramidal-oblong 
(horn-like), green or creamy green in colour, with 
longitudinal ridges, smooth or hairy : seeds many, 
rounded, striate, hairy. 

The plant is considered to be African or Asian in 
origin and is valued for its edible pods. It is grown 
as a garden crop or homeyard plant throughout the 
tropical and subtropical parts of the world. It is found 
under cultivation throughout India up to an altitude 
of 4,o(X) ft. It is seldom cidtivated as a field crop. 

Numerous types, indigenous and innK)rted, are 
under cultivation. They are distinguished by their 
growth hahit, length of pods, colour of stem and pods, 
nature of pod surface and number of ridges (ribs) on 
|)ods. There are tall and dwarf forms with long or 
short pods maturing early or late ; the pods may 
bear five or eight ridges. Some of the best imported 
types are Clemson, Spineless, American Long Green 
and White Velvet : they arc mostly free from spiny 
hairs and bear pods with faint ribs. Several local 
strains with smooth pods are also known. A new type, 
Ftisa Makhmali, isolated by the Indian Agricultural 
Research Institute bears green pods 6-8 in. long, 
straight, live-rihbed and smooth [Thompson, 573 : 
Firminger, 164 : Ambckar, Bidl. Dep. Agrk. Bombay, 
No. 146, 1927, III; Venkataramani, Madras agric. ]., 
*945’ ^^9 2-* • Singh & Sikka, Indian Fmg, N.S., 
*954 55* ^(**)» 27; Rep. Indian Conn, agric. Res.t 
*952-53* 42 * Gollan, 185 ; Gopalaswamiengar, 534]. 

Culture — H. esculentus can be grown on any type 
of .soil, but does best on well manured loam soils. 
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Two crops arc usually raised in a year, one sown in 
the beginning of summer (February-March) and har- 
vested in July ’August : and the second sown with the 
onset of rains in June and harvested in October ^ 
December. For the summer crop, early maturing 
types with live-ribbed, smooth |)ods are preferred, 
while for the rainy season cro|), late maturing types 
with eight-ribbed, smooth or hairy pods are grown. 
A number of types suitable for growing in both 
seasons are available : Push Makhmali is an out- 
standing example (Roberts & Kariar Singh, 374 : 
Milne ct al., 1 1 1 : Chandrasekharan & Ramakrishnan, 
Madras agric. /., 1929. 17, 7 : Singh & Sikka, loc. cit.). 

The land is ploughed 3-4 times and farmyard 
manure applied at the rate of 20-25 cart loads pet- 
acre. Seeds are sown broadcast or are dibbled in 
holes, 2 or 3 seeds per hole. They may he drilled also 
in shallow furrows, 9 in. apart, with a spacing of 3 in. 
between plants in the furrow, fn some places, .seed- 
lings are raised in nurseries and transplanted in the 
garden. The seed rate ranges from 5-30 Ih. per acre. 
To get a continuous supply of fruits, it is usual to 
sow the seeds in hatches, in dififerent beds, at inter- 
vals of 2-3 weeks during the .sowing season. The plant 
responds well to proper intercidture and weeding, 
fn the case of the summer crop, it may he necc.s.sary 
to irrigate the plants once in 7 or 10 days (Gollan. 
S6 : Milne ct al., 112 ; Choudhri, 76 : Singh & Sikka, 
loc. cit.). 

Diseases and f^esls - H. cscnletilns is subject to dry 
root rot \MaLrol)lt 07 nina phaseuli (Mauhl.) Ashby], 
leaf spot (Cercospora liibisci Tracy ^ Farle), anthrac- 
nose (CollelotrieJinm liibisci Poll.), mildew (Erysiphe 
cichoraceannu DC.), .seedling blight (Phytopluhora 
pahnivora Butler) and fruit rot (Pythiuni indicinn 
Balakri.shnan). The plant is also affected by yellow 
vein mosaic, a virus disease common throughout 
India. The characteristic symptoms of the disease 
are: clearing of vein lets followed by chlorosis of 
veins, vein swelling, slight downward curling of leaf 
margins and twisting of petioles, aiul general retarda- 
tion of growth. The white-fly, Bemisia tabaci Gen., 
is the insect vector of the virus. The following con- 
trol measures have been suggested: eradication of 
H. tctraphyllus, the wild host of the virus : observing 
a closed season of two months during summer be- 
tween two successive crops ; roguing di.sea.sed plants 
at the earliest stage of infection ; spraying the crop 
once in 3 weeks with fi.sh oil rosin soap ; and keeping 
fields clean of weeds. A top dre.ssing of Nicifos is 
reported to check the disca.se. Spraying of plants with 


Fyrocolloid (1 part in 800 parts of water) or Derri- 
phytoii (1% soln) destroys white flies and thus re- 
duces the spread of the disease. S|>rinkling of plants 
with wood ashes is also reporte<l to reduce the spread 
of the di.sea.se \ Indian J. agrie. .Sc/., 1950, 20, inj : 
Balakrishnan, Proc. Indian Acad. Sei., 1947 26B, 142 ; 
ibid., 194S, 27B, 161 : Clapoor & Varma, Indian J. 
agric. Sei., 1950, 20, 217 : Indian Pmg, N..S., 1952-53. 
2(12). 14 : Jha Mishra, Proc. Bihar Acad, agric. 
.SV/., 1955, 4, 129 ; Choudhri, 76]. 

Almost all the insect pests of cotton are known to 
attack bliindi. C'otton ja.ssids suck the sap irom the 
plants and crum|)le the leaves ; spraying with 0.2"., 
DDT (wettable powder) is emj)loyed as a control 
measure. Cotton boll worms bore through the grow- 
ing shoots and young fruits : affected shoots and 
fruits are hand-picked and destroyed, and the land is 
kept in a fine mulch. Red mile attacks the leaves and 
sucks the .sap : the pest is controlled by dusting with 
sidphur or with a mixture of sulphur and lime (i -.5) : 
treatmeiu with 15-25".. DDT emulsifiable concen- 
trate is also elfective (Mem. Dep. Agric. Madras, 
No. 36, 1954. 943 ; Singh ik Sikka. loc. cit. : 

Manickavasagar, Trap. Agriculturist, 1955, HI, 28). 

Yield — The frtiits of the summer crop are ready to 
be picked 40 50 days after .sowing ; fruiting in mon- 
.soon crops takes a little longer, 60-70 days from sow 
ing. The fruiting period in summer extends over 2 
months ; the period is much longer in the rainy sea- 
.son crop and extends up to the winter season. The 
fruits become tough after gathering ;ind should there- 
fore be liisposed oil as soon as possible (Singh Sikka, 
loc. cit. : Gollan, 86 : (iopalaswamiengar, 554 : 
Thompson, 572). 

'Fhe average yield of green pods per acri* is re|K)rte(l 
to be 4,(x)o 5,000 lb. ; higher yields are obtained 
under favourable conditions. Pusa Makhmali is re- 
ported t() have given a yield of 16.400-20,500 lb. ol 
pods per acre (Biswas et al., Indian Te.xt. J., 1951 52, 
62, 297 ; Singh & Sikka, loc. cit.). 

For .seed purpo.ses, a part of the garden may be .set 
apart and [kkIs allowed to develop to maturity or one 
or two pods may be left over in individual plants. 
The seeds collected from |)ods left over in picked 
plants are not considered to be particularly good for 
.sowing purposes ; further flowering and fruiting tend 
to diminish in plants which arc not regularly |>icked 
for tender pods. For ensuring type purity, it is advi.s- 
able to grow only one type in any one locality. The 
yield of seeds from individual plants varies from 
to I oz. ; a higher yield is obtained from the rainy 
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season crop than from the summer crop. The. collec- 
tion of seeds is difficult. All pods do not mature at 
I he same time and mature pods tend to hurst ()|>en 
and scatter the seeds. Recently, dwarf and semi- 
dwarf types have been isolated by selection in which 
the pods do not hurst after ripening. A yield of 2.500 
11). per acre when grown on fertile alluvial land and 
600-1, o(K) Ih. per acre from less sandy soils has been 
re[)orted. An average yield of 320-480 lb. of seed per 
acre is reported from Pusn Maklnnali [Singh & Sikka. 
loc. cit. ; Rao, Madras a^ric, 1953. 40 , 437 ; 
Schoelfelmayer, Chcniarg. 1948, 7(9). 17 : Miller 
^ Wilson, ibid., 1949, 8(5), 22]. 

Uses — Tender pods are used as vegetable. They 
are eaten boiled or in the form of sliced and fried 
pieces. 'l"hey are also used for thickening soups and 
gravies because of their high mucilage content. Some 
times, tliey are sliced and sun-dried for off-season 
use : dried slices are reported to he produced in 
I’lirkey on a large scale. Pods may also be canned and 
|)icklcd (Chandrasekharan & Ramakrishnan, loc. cit. : 
iMrmingcr, 164 ; Siddappa & Mustafa, Misc. Pull. 
Indian Conn, atf^ric. Res., No. 63, 1946, 19 : Thomp 
son. 574). 

'rhe pods are rich in pectin and mucilage. Analysis 
of fresh pods gave the following values: moisture, 
88 ; protein, 2.2 ; fat (ether extr.), 0.2 ; mineral matter, 
0.7 ; fibre, 1.2 ; carbohydrate, 7.7 : calcium, 0,09 ; and 
jihosphorus, 0.08% ; iron, 1.5 mg./ i<x) g. ‘^Fhe mineral 
constituents present (fresh basis) are: magnesium, 
38 : ])ota.ssium, 220 : sodium, 1 ; and sulphur, 14 mg./ 
i(X) g. ; cop|>er, mangane.se and iodine (0.77/ 100 g.) 
are reported to be presetit. Hliindi is a fair source of 
iron and calcium. The presence of a flavonoid com- 
pound has been reported (Wchmer, TT, 757 : Tlllh 
Bull., No. 23, 1951, 38 : Sherman, 685 : Remington cV 
Shiver. /. /I.w. off. agric. Chrm. Wash., 1930, 13 , 129 : 
Iodine Content of Foods, 80 : Basil & Ghosh, Indian 
]. nicd. Res., 1943. 31 , 29, 37 ; Biol. Ahstr., 1953, 27 , 
229). 

Fresh pods (moisture, 89.8%) are reported to con- 
tain : vit. A, 740 i.u. : thiamine, 0.08 mg. : riboflavin, 

0. 07 mg. ; ascorbic acid, 30 mg. : and niacin, i.i mg./ 
100 g. Tender pods are richer in ascorbic acid than 
mature pods. Cooked pods contain: vitamin A, 740 

1. u. : thiamine, 0.06 mg. : riboflavin, 0.06 mg. ; 
ascorbic acid, 20 mg.: and niacin, 0.8 mg./ 100 g. 
Pressure cooking minimises the loss of ascorbic acid 
(Watt & Merrill, Agric. Handb. U.S. Dep. Agric., 
No. 8, 1950, 35 ; Pal et al., Bot. Caz., 1951-52, 113 , 
455 ; Hollinger & Colvin, Food Res., 1945, 9, 255). 
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Miieilage Mucilaginous extracts of green stems 
are commonly employed ip India for clarifying 
sugarcane juice in gur manufacture. A thick colour- 
less extract is |)repared by pounding the lower por- 
tions of the stem along with a portion of the root 
in water and straining through cloth. The extract is 
added to cane juice at the boiling stage. The albumins 
present in the extract coagulate and carry the sus- 
pended and colloidal impurities present in the cane 
juice to the surface as a scum. The gur obtained from 
clarified juice is hard and crystalline with a golden 
yellow colour (Roy, 25 ; Khanna & Chacravarti, 
Indian J. agric. Sci., 1949, 19 , 137). 

Analysis of the mucilaginous extract prepared by 
pounding i part of green stem with 20 parts of water 
gave the following values: crude protein, 79; true 
protein, 13 : ash, 92 : .sol. silica, 16 : P3O.,, 2 : AI2O34- 
FcoO;,, 4: and CaO, 3 mg./i(X) ct. : MgO, traces 
(Khanna & Chacravarti, loc. cit.). 

A mticilaginotis preparation from the pod has 
found application as a plasma replacement or 
blood volume expander. Experimental animals (dogs) 
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hied to a state of shock, recovered completely 
when transfused with the preparation, and hlood re- 
generation and recovery were speeded up when the 
preparation was supplemented with a small (piantiry 
of the animars hlood. The preparation caused no 
reaction. The mucilaginous material is prepared hy 
grinding the pod, removing waxes and fats with 
ether and alcohol, suspending the purified material in 
water, filtering, and finally concentrating the filtrate. 
It may he obtained in powder form hy precipitation 
or freezing and stored for use when recjuircd. The 
preparation contains ^/-ga lactose, /-rhamnosc and 
r/-galacturonic acid. Partial acid hytlrolysis, followed 
hy chromatographic separation, gives a crystalline 
galactobiose (4-o-n.-d-galactopyranosyl-d-galactopyra- 
iiose) and an aldohiouronic acid (2-0-d-galactopyra- 
nosyluronic acid-l-rhamnose [CV/cn/z/rg. *95*, 

10(3), 14 ; Chem, Ahstt\, 1951, 45 , 9805: Wliistler & 
Conrad, J. Avicr. client Soc., 1954, 76 , 3544 ; /. ^/gWc. 
F(l Clinii., HJ54, 2, 398I. 

The leaves and roots of llie plant contain a muci- 
lage similar to that present in the pods. The root 
mucilage is used in China as a sizing for paj)er. Leaf 
mucilage is useil as a substitute for soap to remove 
oil. The leaves are eaten l)y cattle (Burkill, 1 , 1166 : 
Chandrasekharan ^ Ramakrishtian, loc. cit.). 

The whole plant is aromatic emitting an odour 
resemhling cloves. The leaves contain a volatile oil. 
Ammonia and amines are present in the plant in free 
as well as in combined forms. Iodine is also present 
and its concentration is greatest in those parts of the 
[)lant where the green colouring matter is also most 
concentrated. Leaves and stems are richer in iodine 
than the roots (CIu'di. Abstr.j 1942, 36 , 3824 ; 1936, 30 , 
3110). 

Srrds Ripe seeds are roasted and used as a sub- 
stitute for coffee. They are also used in curry and 
chutney. 1'he seed flour is reported to he iisetl in 
Kgypt as an addition to maize flour. Analysis of the 
seeds gave the following values ; moisture, 9.89 ; pro- 
tein, 19.38 ; lipids, 16.78 ; crude fibre, 21.02 ; total 
sugar, 4.03 ; ash, 4.74 ; potassium, 0.82 ; phosphorus, 
0.79 ; and calcium, 0.21%. The seeds contain: pento- 
sans, 14.27 ; starch, 8.92 ; and total pectin, 2.15% 
(Amhekar, Bull. Dcp. Agric. Bombay, No. 146, 1927. 
Ill ; Klkatile, Nature, Loud., 1947, 159 , 716; Hus- 
sain 6c Dollear, /. Aiticr. Oil Chem. Soc., 1950, 27 , 
295 » Chem. Abstr., 1940, 34 , 6838). 

Ripe seeds contain (16-22%) of an edible oil. 
rhe extraction of the oil on a commercial scale 
presents certain difficulties. The seeds are small 
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(c. 4.5 mm. in diam.). almost .spherical and the shell is 
hard and difficult to separate from the kernel. The 
yield of oil by pressing is low and a large part of it 
is retained in the cake. Solvent extraction gives belter 
yield and the oil obtained is also of better (juality. 
The oil obtained by .solvent extraction of bhiudi .seeds 
is bright yellow in colour with a greenish tinge and 
fragrant odour. The greenish colour is ascribed to the 
pre.sence of pheophytin-A in the shell. The oil can 
be refined, bleached and deodorised by the usual 
methods. The refined oil has good keeping cpiality. 
It can be used as a subsiiiute for common edible oils, 
especially cottonseed oil. A shortening (iod. val., 
70-77) with good keeping (piality is obtained by 
hydrogenation ; it is similar to hydrogenated cotton- 
seed oil of the same iodine value, bur .somewhat 
softer jCrossley 6c Hilditch, /. Sci. Fd Agrk., 
1951, 2, 251 : Child & Nathanael, 'Crop. Agricul- 
turist, 1948, 104 , 79 : Lckey, 659-60 ; Kdwards & 
Julian, Chemurg. Oig>, 1947. 6(2), 29, 31 : Hussain ^ 
Dollear, loc. cit.j. 

1'he characteristics of the oil are summarized in 
Table 3. Examination of an Indian sample showed : 
sp. gr.’“ , 0.9183 : 1-4704 : viscosity, 0.1148 : sap. 

val., 194.40; iod. val., 77.95 ; acid val., 12.14: acet. 
val., 5.6 : Hehncr val., 92.40 ; and unsapon. matter 
(contains sitosterol), 1.23 Vo. The fatty acid composi- 
tion of the oil is as follows: myristic, 0.70 : palmitic. 
21.20; stearic. 4.60: linoleic, 20.36: and oleic. 
45.54'V, : and 9-hexadecenoic acid, an oxygenated 
fatty acid identified as 1 2,i3-c|)oxyoleic acid. y-Toco- 
j)herol (0.043 Vo) a-tocopherol (0.03170) are present. 
The component glycerides of the oil (sample from 
Sudan ; iod. val., 94) are: disaturated-oleins, 14 ; disa- 
turated-linoleins, 9 ; saturated-oleo-linoleins, 42 ; 
saturatcd-dilinoleins, 10 ; dioleo-linolcins, 2 ; oleo-dili- 
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noloins, 22 : and trilinoloin, 1% (mol.) [Singh Diitt, 
Induni S()(tp 1947-4S, 13 , 99 : Chisholm & Hopkins, 
Ciuuttl. /. Chnu,, 1957, 35 , 358 ; Crosslcy 6: Hilditch, 
lo< . ( it. : Fishor. hidnstr. Chcvi. (Anal.), 1C945, 

27 , 224 |. 

The sood oako is rich in proteins and is suitable for 
use as animal feed, though the fibre content is iin- 
desirahlv high. Analysis of the cake gave the follow- 
ing values: sidvcul-cxtd wad: moisture, (9.10-9.40; 
protein, 23.87-31.88; crude lihre, 17.77-24.24 ; and 
lipids, 1.30-1.89",,; pressed meal : moisture, 10.49; 
protein, 22.56; crude fibre, 28.21 ; lipids, 5.5; and 
ash, 5.45“... The meal contains thiamine (5y/g-), an 
aihumin and two globulins. The following amino 
acids have been identified in the acid liydrolysates of 
the proteins; a/hufuiti (N. i5.i(^',m): histidine, 2.66; 
arginine, 6.53; tyrosine, 1.37 ; and lysine, 2.92 ; g/o- 
hidin-i : histidine, 3.0H ; arginine, 8.14 ; tyrosine, 3.49 ; 
and lysine, 2.54; {fl(dwliu-2 (N, 17.95';,.): histidine, 
3.6S ; arginine. 12.3S ; tyr(»sine, 3.68; and lysine, 
2.S5';,,. Tlie meal prepared from decorticated seeds 
contains as high as 40 -50" , protein and has been re- 
commended for use in plastics {ilolon. Pi. Anivi. 
Prod., 1(750., 1 , 71 ; Hussain ik Dollear, loc. cit. ; 
(dietn. Ahsir., 1(731, 25 , 3376). 

By sieving (50-mesh) the [lowdered cake, a fine meal 
(34'*,.) free from seed coats and containing 3.5 /.» crude 
lihre is obtained ; the residue consists mostly of seed 
coats (C'lhild Nathanael, loc. cit.). 

'riie hulls mav he u.sed as a feedstuff. They con- 
tain: moisture, 12.33 * ^’i*ii<k* protein, 12.25 ^ ^-7 * 

N-free e\tr., 29.16 ; crude fibre, 35.73 ; ash, 3.83 ; CaO, 
0.27 ; and PT),, 0.76",. (Kdwards dk' Julian, loc. cit.). 

'file flowers contain two fiavonol pigments, name- 
ly. gossypetin (3,5,7,S,3',4'-hcxahydroxy flavone, 
C,..HH,f\ : in.p., 310^14"’) and (juercetin (3.5.7«3'4'- 
pentahydroxy flavone, C.,.H,„(T : m.p., 314”) in the 
form of their glucosides. The isolation of the gliico- 
sides is rendered dillicult due to the presence of muci- 
lage and resins in flowers, hut the agluconc mixture 
can he isolated in a practically pure state (crude 
yield, gossypetin being the major component 

(Seshadri & Viswanadham, Curr. Sci., 1947, 16 , 343 ; 
Pankajamani (S: Seshadri, Proc. hid'uni Acad. Sci., 
1(753, 27 A, 718). 

In West Africa, the flowers are eaten in .soup. The 
lender leaves are sometimes boiled and eaten as 
s|)inach. Immature capsules are etnoHient, demulcent 
and diuretic, and are employed in the form of a decoc- 
tion in catarrhal affections, ardor iirinae, dysuria and 
gonorrhoea. T.caves are em|)loyed externally as emol- 


lient poultice. In Malaya, an infusion of the roots is 
used in syphilis. An infusion of roasted seeds has 
sudorific properties. The seeds are .stimulant, cordial 
and antispasmodic (Dal/iel, 128; Irvine, 248; Kirt. 
tS,: Basil. I, 332 -33 ; U.S.l)., 1(747, *479 ♦ Quisumhing, 

570); 

Fibre — ^The stalks of //. esculenlits, like those of 
other Hibiscus species yield a fibre which has not 
been commercially exploited. After fruiting, the 
stalks arc generally allowed to go waste or used as 
fuel. If, however, they are collected green and sub- 
jected to retting without drying, a useful fibre can 
be extracted. 1'hc presence of mucilage in the stem 
facilitates fibre .separation. 'Phe extracted fibre re- 
(juires thorough washing to remove the mucilage ; 
otherwise, the fibre obtained is stiff and brittle. An 
average yield of 2.7 md. of fibre per acre has been 
reported (Biswas et al., Indian Text. /., 1(951-52, 62 , 

297)- 

The fibre of //. escidentus is white, light cream or 
yellow in colour, silky, strong and pliant, but some- 
what coarse and stiff. The fibre has a breaking strain 
of 7(7 Ih. when dry and (75 lb. when wet. It can he 
spun into yarn and used for rope, twine and sacking. 
The fibre can be s|)un on jute mill machinery and 
10 Ih. yarn can be used with 50"., jute admixture for 
sacking warj) or hessian weft. It can be used in 85*.’.', 
admixture with 15’',, of jute in .sacking cloth. The 
fibre is also suitable for the manufacture of pa|xn* and 
cardboard. In West Afri('a. the fibre is used for fishing 
lines (Biswas et al., loc. cit. : Burkill, I, 1166; Dal/iel, 
12 ( 7 ). 

H. ficulncus Linn. - Abeh)iosclius ficuhieus Wight & 
Arn. 

D.F.P., IV, 240 ; C.P., 629 ; FI. Br. Ind., I, 340. 

IliNUi — Ran bhendi ; Bknc. Pan-dheras, jarifrii 
bhiudi ; Tkl. Nelabenda, parupubenda ; Tam. — 
Katluvendai. 

Punjab- /)('n/r/, dida, kapasiya. 

A much-hranched, prickly annual, 6-14 ft. high, 
found from Punjab to Bengal and southward to 
Dcccan and S. fndia. leaves rounded, cordate at the 
ba.se, upper leaves palmately 3-5 lobed ; flowers small, 
white with pink centre; capsides 1J/4-1J/2 in. long, 
tomento.se, ovoid, covered with viscid hairs when 
green ; .seeds globo.se, silicate, slightly pilose. 

//. ficuhieus is a very variable species and includes 
types differing in their growth habit and flowering 
and fruiting times. The types collected from Punjab 
and Madhya Bharat are early ripening and tall with 
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erect or seini-crect lower branches ; tliosc from 
Madras and Madhya Pradesh arc late ripening and 
dwarfish with spreading lower branches (Pal et al., 
But. Gaz., 1951-52, 113 , 455). 

'fhe plant can be raised from seeds sown in seed 
beds at the beginning of rains or earlier. Seedlings 
when c. 6 in. high arc transplanted in rows 9 in. apart. 
I’he plant flowers in October-November and fruiting 
takes place in Dccember-Janiiary. 

'rhe plant yields (2.87 V<. of the wt. of green stem) 
a glossy, white fibre useful for twine and light cor- 
dage. The fibre is reported to be superior to that of 
II. cannahinua. It has a breaking strain of 104 lb. 
when dry and 1 15 lb. when wet. 

The mucilaginous extract of the green stem is an 
efficient clarifier for sugarcane juice and it is employed 
for this purpose in gur manufacture. The extract is 
prepared in the same way as that of H. csculcnius 
((|.v.) and c. 5.75 lb. of the plant material is suflicient 
to clarify 100 md. (5.7 tons) of cane juice. The extract 
contains (mg./ 100 cc.): crude protein. 316 ; tme 
protein, fii ; ash, 120; soluble SiO^, 12; PjO.,, 3 ; 
Al20;^ 4- KcgO;,, 8; CaO, 2 ; and MgO, traces jRoy, 
25-26 ; Khanna & Chacravarti, Induni J. agric. Sci., 
1949. 19 , 137 : Wilcox, Su^ar, 1952, 47(8), 31 ; luirfu 
Nezi's Relcusc, hidiati Coiui. a^ric. Rc\s., No. 102 1. 

The fruits are richer in vitamin C (38. mg./ 100 g.) 
than the fruits of H. rscidcnlKS. The seeds arc 
aromatic and are used in the same way as tho.se of 
II. (fhrlDiosc/iiis for flavouring sweetmeats. In Arabia, 
they are employed for perfuming coffee. Farnesol and 
aml)rcltolide are reported to be the odorous consti- 
tuents of the volatile oil from seetls [Pal <7 (d., loc. 
cit. ; Krishna & Badhwar /. sci. industr. Res., 1947, 
6(5), suppl., 64). 

H. furcatus Roxb. 

D.K.P., IV, 241 : FI. Br. liid., 1, 335; 'lalbot, 1, 
Fig. 71. 

^rKL . — Adavi konda danasuni go^u ; 

Mai.. — Naranampupuli, paccapuli : Kas.— Huligozvri, 
gumchi ; Oriya — Piri-pirikn. 

Assam (Lakher) — Kiasi. 

An erect or trailing, suffruticose, prickly herb, 
2-5 ft. high, found as an undergrowth in the forests 
of Assam (Lushai hills). Chota Nagpur, Orissa, 
Andhra and Mysore : it occurs in the ghat forests 
from Konkan southwards to Kerala, up to an eleva- 
tion of 3,000 ft. Leaves entire in early stages, 3-7 lobed 
in later stages, pubescent beneath ; flowers large, 
yellow with purple centre ; capsules in. long, ovoid. 


pointed, enclosed in calyx ; seeds striated, somewhat 
triangular. 

The plant flowers in September-November and 
fruiting takes place in November-January. It is report- 
ed to be highly resistant to drought, remaining green 
even under prolonged dry periods (Reddy & Janki 
Devi, Atidhra agric. J., 1954, 1 * 3(x; ; Reddy, ibid., 
*954^ L 366). 

The leaves arc acidic and are eaten after cooking. 
They are coarser and thicker than II. aiunahiuns 
leaves, and the presence of hairs and prickles prevents 
their wider use. They are said to improve digestion 
when eaten and are considered anthelmintic. The 
juice of leaves mixed with honey is applied in eye 
diseases. An infusion of the roots in water is used 
as a cooling drink in hot weatlier. A decoction of the 
root bark is given as a remedy for |X)i.sons and swell- 
ings, and for cleansing kidneys (Reddy & Janki Devi, 
loc. cit. ; Rama Rao, 41 : Kin. (Jt Basu, 1, 327). 

The stem yields a strong fibre suitable for cordage 
and rope, but the presence of prickles on the stem 
renders its extraction troublesome. The fibre has a 
breaking strain of 89 lb. when dry and 92 lb. when 
wet (Naidu, 124). 

H. macrophyllus Roxb. 

D.K.P., IV, 241 ; FI. Br. Ind., I, 337. 

Benc;. Kashia udal, ha shin paUa. 

Khasi — Tyllen-dkhar ; (iAUo — Mao-niarli ; Mikiu — 
Pliarna ; Litsuai Baiza, vaiza. 

A small <>r medium-si/.ed, deciduous tree or large 
shrub, covered more or less with brown, long tufted 
hairs, distributed in north-eastern India, Burma anti 
Malaysia. Bark in. thick, light brown, smooth : 
leaves large, 5 -14 in. wide, orbicular, deeply cordate, 
haiiy on both sides : flowers 4 inches in diain., in 
axillary and terminal cymes, pale yellow fading to 
pinkish brown, with deep purple centre : capsules 
1-5 in. long, yellow, oblong, pointed, bristly ; sect Is 
bearded with long silky tawny hairs. The plant comes 
to flower in March-April and bears fruits in May-June 
(FI. Assam, I, 142 ; Bor, 165 : Corner, T. 441). 

The tree is found in open scrubs and abandoned 
jhums in Assam, Khasi, Jaintia, Aka and Lushai hills. 
It is reported to attain a height of 60 80 ft. and a 
girth of 5-6 ft. with a clean bole. Its heart wootl is 
light (wt., 37 Ib./cii.fl.), pur])lish brown, even-grained, 
soft but durable. It is useful for house posts. In Caro 
hills, the wood is used for rafters, posts and sill plates 
(Gamble, 87 : Rodger, 48 ; Burkill, I, 1 166 ; FI. Assam, 

I. 143)- 
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The Inner layers of the hark yield a strong, rough 
iihre (length of ultimate fibre, i. 8-4.5 mm.), useful 
for coarse rope and cordage. The fibre is considered 
suitable for making paper of good (juality. Analysis 
of two samples of the hark gave the following values 
(moist urc-frec basis): ash. 4.60. 4.25: water piirilica- 
tion loss, 8.54, 5.27 ; acid purification loss, 7.03, 5.92 : 
ft-hydrolysis loss, 15.94, 10.72 : /3-hydrolysis loss, 30.01, 
21.20; and cellulose content, 54.20, 71.0% (Bishop. 
Malay, agrk. /., 1925, 13 , 382 : Rodger, 48). 

H. manihot [Ann. - Abchuoschus viauihot (Linn.) 
Medic, syn. //. tctraphyllus Roxh., //. pungens Roxh. 

n.K.P., IV, 246: FI. Br. Ind., I, 341 ; Talbot, I, 

74 - 

Mak. -Janfrali hlicudi ; (iiij. Kanialo blmido. 

Bombay — Ran bhendi ; A.s.sam - Usipak. 

A tall, erect, stout, glabrous or .somewhat hairy herb 
or iindershruh, 3 9 ft. high ; leaves 5-6 in. x 6-7 in., 
deeply palmately lobed : flowers large, 5 inches in 
diam., yellow with a purple centre : capsules oblong, 
pointed, hispid, containing 5 seeds; seeds round or 
kidney-shaped, black and striated. 

II. manihot is widely distributed in the tropics. 
Ba.sed on variations in foliage and pubescence, three 
varieties have been distinguished, namely, var. 
genuinm, var. tctraphyllus and var. pungens. It is 
considered to he a native of China and Japan and 
is reporied to have been introduced into India from 
China, hut its wide (list ril)Ut ion, as recorded under 
the synonyms H. tctraphyllus and If. pungens, 
suggests that it occurs wild in this country. Under 
the name H. pungens, it has been recorded as grow- 
ing throughout the tropical Himalayas from Kumaon 
to Sikkim up to an altitude of 3 ,(mx) ft. and in Bihar, 
Assam and Khasi hills. Under the name II. tctra- 
phyllus it is recorded from Saurashtra, Rajasthan, 
(hijarat and Konkan .southwards to Kerala. The types 
collected from Bengal and Baroda are comparatively 
late maturing with ascending lower branches ; those 
from U.P. and Madhya Pradesh arc early maturing 
with spreading lower branches (Duthie, I, 92 ; Prain, 

I, 266 ; FI. Madras, 97 ; FI. A.s.sam, 1 , 144 ; Haines, 
1 , 66: Mooney, 27; Santapaii, 17; Rcc. bot. Sun\ 
India, 1953, 16 , 22 ; Pal ct al., Rot. Gaz., 1951-52, 113 , 
455 )- 

'rhe mucilage extracted from the root of H mani- 
hot is widely used in sizing paper in China and Japan. 
The sizing material is prepared from piilveri,scd roots 
by soaking in water and filtering. The mucilage in the 
flispersed form exhibits a network structure whicb 
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expands on dilution and contracts on concentration. 
At high temperatures, the structure is loosened and 
the viscosity decreases. Roots which have been stored 
for long periods give a mucilage of inferior (juality 
and |)oor viscosity. A niunher of j^rocesses have been 
jxitented for the preparation of non-ageing mucilage 
from the ro(3ts by the use of stabilising agents. 'I’he 
mucilage resembles sodium alginate in many respects 
(Burkill. I, 1167 ; Chem. Abstr.y 1(^49, 43 , 1974, 1975 : 
1952, 46 , 10654 ; 1953, 47 , 3530, 5148, 11782). 

The mucilage is a polyrhamnogalacnironide. On 
hydrolysis with dilute hydrochloric acid, it yields 
galacturonic acid, rhamnose and an aldohionic acid 
consisting of galactose and rhamnose. A |>olysaccha- 
ride comj)osed of glucose, xylose and arahinosc has 
been .separated from the 'rude mucilage {iUicm. 
Abstr., 1952, 46 , 7351 : 1953, 47 , 8194. 11782). 

The seeds yield a fatty oil, the characteristics of 
which are indicated in Table 3. The oil (iod. val., 
105.(9) contains 19% saturated acids (chiefly C,,v-acids) 
and 81 7„ liquui acids (linoleic and oleic with a small 
(piantity of linolenic) (Chetn. Abslr., 1953, 47 , 9636). 

The j)lant yields a tough fibre rc.semhling jute in 
physical and chemical characteristics. It may be u.sed 
in the manufacture of inferior types (jf wrapjiing 
doth, strings and chords. It is creamy in colour, stifl*. 
but not lustrous. The jihysical characteristics of the 
fibre are as follows: length of the ultimate fibres, 
1.6 mm. ; length /diameter, 122 ; intrinsic strength, 
1.619 + 0.064 g./denier ; and . elongation at break, 
7.40%. Analysis of the fibre gave the following values : 
ash, 0.671; fat and wax, 0.343; cellulo.se, 87.37; 
lignin, 11.59: and nitrogen, 0.1397/) (Bctral)et, /. sci. 
industr. Res., 1956, ISC, 146). 

The leaves are reported to be eaten in Celebes. The 
bark is emmenagogue ; leaves and roots are made 
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into ji plaster and used as poultice for boils, sores, 
sprains and inflammations (Burkill, I, 1167 : Kirt. & 
Basil, I, 339 ; FI. Assam, I, 144 ; Cheo, Bot. Bull AcmL 
sinica, 1949, 3 , 135). 

H. mutabilis Linn. Chinese Rose, Chanceabi.k 
Rose, Changeable lliiuscrs. Coiton Rose, Confeoe- 
KAi’E Rose 

D.E.P., IV, 242 : FI. Br. Ind., T, 344. 

\\\Nm Shalapara, sthal kamal ; Benc. — Sthal- 
padtyui : Tam. — Irratin-vdUnchemharattam, srmharat- 
tai : Belinda lavarc, ncladavan\ suryakanli ; 

Mal. Chwapparalii , liinaparutti ; Orw \--S 1 1 in lo- 
pidmo, lliohpodnio. 

Punjab — G ul-i-a jai h, 

A large bushy slirul) or small tree, about 8 ft. high, 
found almost tbrougbout India. Leaves 4 9 inches in 
lengtli, hairy, deeply cordate, 3-5 lobed : flowers 
3-5 inches in diam., white or pink in the morning 
turning red hy night : capsules sulvglobose, 0.8 inch 
in diam.. hairy : seeds reniform, brown, hispid. 

H. niiilnhilis is said to be a native of China. It is 
cultivated in Indian gardens as an ornamental plant 



F.R.L, Dehra Dun. Photo : M. Bakshi 
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for its beautiful flowers, which may be single or 
double : the double-flower type is more common. The 
plant is propagated by cuttings or .seeds. Flowering 
takes place in profusion in constant succession during 
September and October. Annual pruning (in April) 
induces profu.se flowering (Bor & Rai/.ada. 235 ; 
Bentball, 39; Copalaswamiengar, 271). 

The bark of the plant yields a strong fibre of 
inferior (piality. In (]hina. the leaves and flowers of 
the plant are considered expectorant, cooling, anti- 
dotal to poi.sons and anodyne. They are recommended 
for jXfnsistent coughs, menorrhagia, dysuria and 
wounds caused hy burns and .scalds. An infusion of 
the flowers is given in pectoral and pulmonary com- 
plaints. The leaves are used in poultices for swellings. 
The plant is considered emollient and used in fistulae, 
pustules and tumours |Kirt. Basu, I, 340 : Quisum- 
bing, 576-77 : ]. sei. Res. Indonesia, 1952. 1 (suppl.), 
26|. 

H. rosa-sinensis Linn. Shoe Flower, C'hinese 

Hibiscus 

l^.E.P., IV, 242 ; C.P., 629 ; FI. Br. Ind., 1 , 344. 

Sans. -Japa, java, rudra pushpam ; Hindi — jasnt, 
jasinn ; Benc. — John; Mar. Dasindacha pliuta, 
jasavanda ; Gv]].--]asuva ; Tv.\..—Java pushpamn, 
dasana; Iam. — Setnparnlhi; Kan. — Dasavala; Mal. -- 
Che7ubarathi ; Oriy.a — Mondaro. 

Assam — John ; Punjab Jasinn. 

An evergreen woody, glabrous, showy shrub, 5-8 fi. 
high ; leaves bright green, ovate, entire below, coarse- 
ly tootheil above : flowers solitary, axillarv. bell- 
shaped, large. 4-6 inches in diam. with pistil and 
stamens projecting from the centre : capsules round- 
ish, inany-.seeded. 

H. rosa-sinensis is a native of China. It is grown 
as an ornamental plant in gardens throughout India 
and often planted as a hedge or fence jilant. It can 
be planted with ativantage in group planting of 
shrubs or for beautifying parks and gra.s.sy plots. 
Numerous types adapted to sunny, semi-shady and 
shady locations and with single and douhle flowers 
of red, yellow, white, magenta, cherry and striped 
colours arc in cultivation. Many of them are hybrids 
with allied s|>ecies, such as 11 . tiliaeens and H. seliizo- 
pelalus. 

The plant thrives in any type of soil, hut good 
results are obtained in well prepared, manured and 
irrigated soils. It can be propagated by cuttings, pre- 
ferably from mature wood of current growth. It 
blossoms almost throughout the year and seldom sets 
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seeds under cultivation. A wet rot disease of flowers, 
caused by Choanephora infundibulifera (Curry) 
Ciinninj^Iiam has been reported (Bailey, 1947, TT, 
14S8 ; Bor & Raizada, 237-38: Cowen, iii ; Mac- 
millan. 106 : Gopalaswamiengar, 272 : Sampson, Kew 
Bull Addl Ser., XII, 1936, 93 : Miindkur, 31 : Indian 
J. agric. Sci. 1950. 20, 107). 

Tlie flowers arc reported to be eaten, raw or pickled 
in C'bina and Philippines. Analysis of ihe edible part 
of the flowers (61.6%) gave the following values: 
moisture, 89.8 ; nitrogen, 0.064 : fat, 0.36 ; and crude 
fibre, 1.56%: calcium, 4.04: phosphorus, 26.68 ; 
and iron, 1.69 mg./i(X) g. The flower contains 
thiamine (0.031 nig.%), riboflavin (0.048 mg.%), 

niacin (0.61 mg.‘X.) and ascorbic acid (4.16 mg.%) 
(Neal. 489 ; Inlengan et «/., Philipp, /. Sci., 1955, 
343)- 

Crushed flowers yield a dark-purplish dye which 
was formerly employed for blackening shoes. In China 
and other count rics, the dye is used for colouring 
hair,. eyebrows, foods ;uid liquors. The flowers contain 
an anthocyanin pigment, cyanidin diglucosidc. The 
leaves contain carotene (7.34 mg./ too g. of fresh 
material) and are used as fodder (Macmillan, 418 : 
Quisumhing, 577 ; Neal, 489 ; Chem. Ahslr., 1951, 45, 
4786; Tea Encyclopaedia, O/4, Ser. No. ii, 1947; 
Acharya & Malpoorwala, /. Univ, Bombay, N.S., 
'952. 47)- 

The flowers are considered demulcent, emollient, 
refrigerant, aphrodisiac and emmenagogiie. They are 
made into a paste and applied to swellings and boils. 
A decoction of the flowers is given in bronchial 
catarrh. They are fried in ghee and given in menor- 
rhagia. The leaves are emollient, aperient, anodyne 
and laxative. A decoction of the leaves is used as a 
lotion in fevers. Mixed with the juice of Vernonia 
cinerea Less., it is used in Malaya to stimulate expul- 
sion after child birth. The root is used in indigenous 
medicine and sold in bazaars as a substitute or 
adulterant of the root of Althaea officinalis linn. 
The root occurs in the entire or nearly entire condi- 
tion, 2 to 5 cm. in length and i to 3 mm. in diam., 
with indistinct odour and slightly sweetish, hut acid, 
taste. It is demulcent and used for coughs. In Malaya, 
a decoction of the root is used for venereal diseases 
and fevers. Fresh root juice is given for gonorrhoea 
and powdered root for menorrhagia. The root is used 
in Mysore for certain diseases of cattle (Kirt. & Basil, 

335 Nadkarni, I, 631 : Burkill, I, 1169; Qtiisum- 
bing, 577 ; Chandrasena, 47 : Datta & Mukerji, Bull 
Pharmacogn. Lab., No. i, 19^0, 37). 
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H. sabdarifla Linn. Roskli.e, Jamaica Sorrel, 
Red Sorrel 

D.E.P., IV, 243 ; C.P., 629 ; FI. Br. Ind., I, 340. 

Hindi — Lal-am bari, patwa ; Bkng. — Lalmista, 
patwa, chtikar : Mar.- Lal-afnbadi, patzva ; Tel. — 
Yerra gogii ; Tam. — Pulichchai kerai, gogu ; Kan. — 
Pulachakiri, ptmdibija ; Mal. — Polechi, pulichchai. 

Assam — Chukiar. 

An annual erect shrub with red or green stem, 
practically unbranched or with branches near the 
base; stem glabrous or slightly hairy with minute 
tubercles ; leaves serrate, lower leaves ovate and un- 
divided, upper ones palmately 3-5 lobed ; flowers 
large, yellow with dark crimson eye : epicalyx united 
at the base and adnate to calyx : calyx connate below, 
free above, dark purple, fle.shy : capsules ovoid, point- 
ed, villous ; seeds numerous, large, reniform, black- 
brown, covered, with minute, stout, stellate hairs. 

A native of tropical Africa or Asia, H. sabdariffa 
is now found under cultivation throughout the tropics 
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FIG. 56. HIBISCUS SABDA RIFF A— SEEDS 


and comprises a large number of cultivated types 
which, on the basis of their growth habit or end use, 
arc classified broadly under two varieties, H. sabda^ 
riffa var. sabdariffa and //. sabdriffa var. altissima. 
The former includes types which are generally 
branched and pigmented, and cultivated for the 
edible calyces ; the latter includes tall-growing, practi- 
cally unbranched types hearing inedible calyces, 
mainly cultivated for the stem fibre (Roselle). 

— var. sabdariffa 

Based on plant colouration, the edible types can 
he classified under four races, namely, race rtiber^ \ 
race albus* ; race intermedins* ; and race hhagaU 
puriensis*. With the exception of a slight difference 
in the form of the calyx in race bhagalptiriensis, all 
the races are identical in morphological and agri- 
cultural characters ; they also breed true. On account 
of their bushy and branching habit, they arc not 
useful for fibre extraction. Race ruber is considered 
to be the most useful for culinary purposes. In the 
Philippines, four edible types have been isolated, vi/,., 
Victor, Rico, Archer and Temprano ; these arc con- 
sidered to be synonymous with races differentiated 
in India (Haarer, 79, 82 ; Howard & Howard, Mem, 
Dep. Agric, India, Bot,, 191 1, 4 , 9 ; Crane, Econ. Rot., 
1949, 3 , 89 ; Wester, Philipp, agric. Rev., 1914, 7 , 266). 

The edible types are cultivated in warm countries, 
particularly in the Philippines, Malaya and Indonesia, 
for their calyces. In India, they are grown in Punjab, 
U.P., Bihar, Bengal, Assam, Orissa, Bombay, Mysore, 
Andhra and Madras as a monsoon crop (April- 
November). Seeds are sown on well-prepared seed beds 

*Though designated as varieties by Howard & Howard and 
by other authors following them, they are no more than culti- 
vated races with indistinguishable botanical characteristics. 


and the seedlings when 4-5 in. high are transplanted 
in the field in rows 5-6 ft. apart, the distance between 
the plants in the row being 3-4 ft. The plants may 
also be propagated by rooting shoot cuttings in 
August-December. Such plants attain a much shorter 
height than transplanted seedlings and arc preferred 
for planting as intercrop in orchards (Firminger, 245 ; 
Gollan, 86 ; Brown, 1941, 11 , 416 ; Milsum, Bull. Dep. 
Agric. F.M.S., No. 20, 1919, 68 ; Sambamurthy, 
Madras agric. 1953, 40 , 503). 

The capsules are ready for picking in November- 
l^cceml^er and the picking season lasts for about two 
months. The capsules begin to mature progressively 
from the lower to the upper j)ortion of the plant. The 
edible fleshy calyces mature rapidly and are ready 
for picking within 15-20 days after blossoming. They 
are gathered when tender, plump, fleshy, crisp and 
deep red in colour. Prompt picking of calyces extends 
the flowering jx^riod, prolongs harvest, and increases 
yield. After harvesting, the plants are allowed to 
remain in the field until the capsules in the lower 
and middle tiers become mature ; they arc then cut. 
dried and threshed for seed (Macmillan, 259 ; Crane, 
loc. cit. ; Sambamurthy, loc. cit.). 

The yield of calyces averages to 3 lb. per plant. A 
yield of 5,000-7,000 lb. of calyces per acre has been 
recorded ; under favourable conditions, it may be 
double. The yield recorded in Coimbatore (Madras 
State) is 0.5 lb. per plant. Plants raised from cuttings 
give a relatively low yield — about half that obtained 
from transplanted seedlings (Milsum, loc. cir. : 
Sambamurthy, loc. cit. ; Crane, loc. cit.). 

Uses — Tender leaves and stalks are eaten as salad 
or used for seasoning curries. They arc acid to taste 
and may l>e used for the preparation of jelly, flavour- 
ing extracts, syrup and wine. Analysis of fre.sh leaves 
gave the following values; moisture, 86.2: protein. 
1.7 ; fat, 1. 1 ; carbohydrate. lo.o ; mineral matter, 1.0 ; 
calcium, 0.18 ; phosphorus, 0.04 ; and iron, 0.0054%. 
The acid content (calculated as malic acid) of leaves is 
1.25% and that of stem, 0.6% (Wester, Philipp, agric. 
Rev., 1920, 13 , 89 ; Hllh Bull.. No. 23, 1951, 32). 

The calyces are rich in acid (3.74%, calculat- 
ed as citric acid) and pectin (3.19%) and are 
useful for jellies, chutneys and preserves. They make 
a jelly of good quality with a bright red colour 
and may be used in blends with highly flavoured 
fruits for the preparation of jelly. They are also used 
in soups, puddings, cakes and pics and for colouring 
syrups and liquors. They may also be dried (yield, 

I lb. j)er 1 1 lb. of fresh calyces) and stored in air-tight 
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containers. Analysis of fresh calyces gave the follow- 
ing values: moisture, 88.26: crude protein, 1.46; 
ether extr., 1.97; carbohydrates, 5.86; crude fibre, 
1.58 : ash, 0.87 : calcium, 0.108 ; phosphorus, 0.052 ; 
and iron, 0.021^';.; manganese, aluminium, magne- 
sium, sodium and potassium are present in traces. 
Reducing sugars (0.82V..) and sucrose (0.24‘X.) arc also 
present. 'Fhe principal water-soluble acids present in 
the calyces are citric acid and d-malic acid ; tartaric 
acid and hibiscus acid (a lactone of hydroxy citric 
acid : C'JlrtO, : m.p., 181 83®) are present. 'Fhe calyces 
contain appreciable (|uantities of mucilage, calcium 
citrate and ascorbic acid. They also contain a sub- 
stance which reduces indophenol dye, hut does not 
possess antiscorbutic properties (Singh & Dutt, Indum 
]. agric. Sci,, 1941, 11 , 1006: Hill, 33: Milsum loc. 
cir. : Mayadas, Punjab Fr. 1947. 11 , 169: Samha- 
murthy, loc. cit. : Wester, loc. cit. ; Chnn. Ahsir., 
1941. 35 , 8209 ; 1939, 33 , 7491 : 1944, 38 , 2708). 

'^riie calyces contain gossypetin and hibiscin 
chloride (Car.HjttO,,.Cl. 3II./) : m.p., 178"^) : the latter 
on hydrolysis yields glucose, pentose and delphinidin 
chloride. Hibiscin chloride is reported to possess 
antiseptic properties (Cliem. Ahstr., 1936, 30 , 1180: 

1941, 35 , 8209 : Thorj)e, Vf, 90). 

An infusion of the calyces is used for preparing 
a beverage of agreeable acid taste for medicinal use. 
It is cooling and refreshing : it aids digestion and is 
tiseful in bilious conditions : it has diuretic and 
choleretic pro|x:riics and acts as an intestinal anti- 
septic : as a mild laxative, it is used in heart and 
nerve diseases, high blood pressure and calcified 
arteries. The thera})eutic properties of the beverage 
are attributed to the presence of acids and the emol- 
lient and sedative mticilage. Though reported to be 
antiscorbutic, it is ineffective against scurvy (Chem. 
Abstr., 1936, 30 , 817, 1180: 1939, 33 , 3891, 7491 : 

1942, 36 , 4166 : 1944, 38 , 2708). 

Analysis of the frtiits gave the following values: 
moisture, 76.4 : total sugar, 2.28 ; reducing sugars, 
1.05 ; |xrctins, 1.02 : and acids (as citric), 1.03%. Jellies 
prepared from the fruits are somewhat slimy and of 
loose consistency (Singh & Dutt, loc. cit.). 

The seeds are bitter to taste, but are reported to 
be eaten in some parts of Africa. I’hey contain: 
moisture, 12.9 ; nitrogen, 3.29 : and fatty oil, 16.8% ; 
cellulo.se (i6.8‘X), pentosans (15.870) and starch 
(11.1%) are present. The expressed oil is brownish 
yellow in colour with a sweetish sickly odour. It 
resembles cottonseed oil (Table 3). The residual cake 
is rich in protein ; it is used as cattle feed. Analysis 


of the .seed cake gave the following values : nitrogen, 
3.92 ; phosphorus (P2O,), 2.24 ; and potassium (KjO). 
2.02% (Burkill, I, 1171 : Georgi, Malay, agric. 1923, 
11 , 223 ; Cliem. Abstr., 1941, 35 , 4157 ; Rao, Indian 
Soap /., 1952-53, 18 , 90). 

The flowers yield a yellow dye of little commercial 
value. The chief pigment is a flavonol glycoside, 
hibiscitrin |3-monoglycosidc of hibiscetin: C27H;,„Oj,,: 
m.p., 238-40® (decomp.) I : hibiscetin 1 3 : 5 : 7 : : 3' : 4' 
:5'-heptahydroxy flavone, Ci.-,H,„0., ; m.p., 250'’ 

(decomp.)], gossypitrin and sabdaritrin |Ca,Il2„0,,. 
3H2O ; m.p., 251-53" (decomp.)l arc also pre.sent. 
The waxy matter separated from the flowers contains 
a phytosterolin |C.,;,H„„ 0 ,., : m.p., 251-52" (dccomp.)|, 
hydrocarbons (chiefly Ca7-kydrocarbon.s) and minor 
quantities of sitosterol. The phytosterolin gives on 
hydroly.sis a sitosterol (C2,,H-„() ; m.p., 136-37") and 
gluco.se (Rao & Seshadri. Proc. Indian Acad. Sci., 1942, 
15 A, 148 : 1942, I6A, 323 : Rao ct ai, ibid., 1944, 
19 A, 88 : Murti & Seshadri, ibid., 1945, 22 A, 289 : 
Rao & Seshadri, ibid., 1948. 27 A, 0)4). 

The stalks yield a fibre (ultimate fibre, i. 2-6.0 mm. 
long X 0.01-0.03 mm. diam.) used locally for cordage, 
rope and gunnies. Ropes made from the libre are 
strong (dry strength, 41 kg. and wet strength, 53 kg.) 
(Harris, 115, 136). 

var. altissima Wester 

A tall, vigorous and practically imbranched plant 
often attaining a height of 10 16 ft. : calyces fibrous, 
spiny and inedible. This variety is indigenous to 
West Africa and is grown widely in the Philippines, 
Indonesia and, more recently, in parts of S. Africa 
and N. and S. America. It was introduced into 
India as a single seed in a consignment of seeds of 
Calopogoninrn mucunoidcs Desv. from Java. The 
.seedling raised from the seed was designated ‘New 
Hibi.scus’ and was subsetjiiently identified as H. sahda- 
riffa var. altissima ; a hybrid evolved by crossing it 
with race albus gives a fibre of superior fineness and 
appearance (Haarer, 105 : Shaw & Kashi Ram, Agric. 
Live-Stk India, 1934, 4 , 476 : Wester, Philipp, agric. 
Rev., 1914, 7 , 266 ; Haarer, 82, 99; Dc.shpande, Sci. 
& Cult., 1950-51, 16 , 237 : World Crops, 1952, 4 , 70 : 
Kirby, Bull. imp. Inst., Land., 1947. 45 , 97 : Khan. 
Agric. J. India, 1930, 25 , 210; Agric. Anim. Husb. 
India, 1936- 37, 89). 

Roselle has attained prominence as a jute substitiuc 
and attempts are being made to extend its cultivation 
in India, especially in areas which arc not favourable 
for jute cultivation. It is particularly sticce.ssful in 
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Bengal ; it is cullivaiecl also in Bihar. Avssain, Madras 
and Andhra. In the last State, it has spread rapidly 
and is grown in preference to H. aninahinus or 
//. sabdnriffa var. sahdariQa as it yields more fibre. 
It withstands drought and is not damaged by cattle 
(Deshpande. loc. cit. ; Rama Rao, Madras a^ric. 
1950, 37 , 285). 

The plant is well adapted to all types of soils, but 
thrives best in moderately fertile, well-drained, 
|)ermeablc soil. It tolerates a certain degree of acidity 
or alkalinity in the soil, but is sensitive to frost. It 
rc(|uires a moist climate, high temperature through- 
out the growth period, and medium rainfall ; 
vegetative growth is vigorous during the season of 
long days and the plant begins to flower and fruit 
as the days begin to shorten (llaarer, 99: Kirby, 
loc. cit. : Deshpande, loc. cit. : Crane, loc. cit. : Haarer, 
Fibres, 1956. 17 , 

In Madras and Andhra, roselle is grown mostly on 
dry land in rotation with other crojis : it is cultivated 
in wet lands only to a small extent. Seeds are sown 
broadcast or by drills in May-june with the onset 
of rains. Line sowing with interculture between lines 
gives good results. The spacing between plants in 
the row is usually 6 in., the distance between rows 
being 4-12 ft. The seed rate is 8-10 lb per acre when 
sown broadcast. The crop resjwmds well to applica- 
tions of nitrogenous manures in combination with 
potash and phosphatic fertilizers. In Java, the 
Philippines and Africa, ammonium sulphate is 
a|)plied at the rare of 450 lb. per acre and a green 
manure crop, e.g. Mimosa iuvisa Mart., usually 
grown. In Andhra, it is usual to a|)i>ly heavy doses of 
manure ; tank silt is applied at the rate of 40 50 cart 
loads per acre and sheep are penned on the field. 
Application of groundnut cake at the rate of 2 bags 
per acre has given good results (Rama Rao, loc, cit. ; 
Datta ct al., Jitie Bull., 1955-56, 18 , 18 1 : Crane, loc. 
cit. ; jute Bull, *95^5*’ 495)- 

Diseases and pests — A stem rot caused by Sclero- 
linia seleroliortnn (Lib.) Mass, affects crops left over 
for .seed purposes after the main crop is harvested for 
fibre. The disease is prevalent in Bihar and appears 
in January when the tempera l tire is low. It manife.sts 
itself as straw-brown patches on the main stem or 
on branches of the inflorescence. As a control 
measure, sclerotia from the seed arc hand-picked and 
ploughed deep into the soil. Rotation with a cereal 
crop and u.se of early maturing and resistant types arc 
recommended. Roselle is .also affected by Phoma 
sabdariffa and Cercospora hibiscae (Mundkiir, 


126-28 ; Indian /. ^/gr/c. Seu, 1934, 4 , 758 ; Rep. Indian 
Jute Comm., 1948-49, 14). 

The crop is affected by a number of pests, of whidi 
Rhenacoecus birsutus Gr. is the most serious. This 
pest attacks the apical region of the plant and sucks 
the juice, as a result of which growth is affected and 
yields of fibre and seed are reduced. The [K'st is 
controlled by spraying the plants with nicotine 
sulphate. The grub of Se\mmus (Pullus) pallidicollis 
Muls. is predatory on the eggs, nymphs and .'uhilt 
females of the pest. Poda^rica apicefulva has also 
been reported to attack roselle (l)utt et al., Indian /. 
agric. Sei., 1951. 21 , 231 : Rep. Jute agric. Res. Inst., 
Indian Jute Com m., 1 95 1 -52 . 1 1 4). 

Harvesting — The crop is harvested at the bud 
stage, when both outturn and (piality of fibre are 
good. Stalks are tied into bundles of convenient size, 
left on the field for 3-4 days, and retted as in the 
case of H. cannabinus. A more economical and 
satisfactory method for extracting the fibre has been 
tried in Ceylon : the hark is stripped off the cortex, 
tied into bundles and retted in tanks. The retted fibre 
is washed in running water to remove foreign matter, 
dried in the sun, combed and haled. The average 
yield of fibre is reported to be 1,000 lb. per acre. 
Yields ranging from 1 to 6 tons per acre have been 
recorded under favourable conditions (llaarer, 
108-11 : Kirbv. loc. cit.: Rep. Itidian Jute Comm., 
1948-49, 12 ; Crane, loc. cit. : Rama Rao, loc. cit. : 
Shaw tk Kaslii Ram, Agric. lAve-Stk India, 1934, 4 , 
476 : Bally, Ciba Rev., No. 108, 1955, 3904 : Rep. Jute 
agric. Res. Inst., Indian Jute Comm., 1951-52. kk)). 

Koi' |)urpOvScs of seed collection, a part of the field 
is left unharvested and pods allowed to attain full 
maturity. This practice is uneconomical. Separate 
planting with a liberal distance between plants gives 
better yields and l)etter seeds (Crane, loc. cir. : llaarer, 
106, no). 

Fibre characteristics — Roselle fibre resembles jute 
and bimli fibre in general appearance and ch.-iriicters 
(Table 2). It has a length of about 12 ft., the ultimate 
fibre being i. 2-3.3 ^ 0.01-0.03 mm. diam. 

It is .silky, soft, lustrous, white to pale yellowish 
brown in colour, with chemical and physical proper- 
ties similar to those of jute. It is com|)arahle to jute 
in strength and durability but is somewhat harsh and 
coarse. It can Ik* mixed with jute and spun on jute 
machinery. Being less flexible than jute, preliminary 
softening and longer batching treatment are neccs- 
.sary (llaarer, 86-87 • Fond., 1930, 28 , 

284 : Sircar, Misc. Bull. Indian Coun. agric. Res., 
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No. 66, 194S, : Dcshpaiidc*, loc. c:it. : Kirby, loc. 

til. : Ilaarcr, Fibres, 1956. 17 , 105). 

Roselle fibre is employed for sacking, cordage, rope, 
fishing nejs and generally lor all purposes for which 
jure is used. Bags made of roselle fibre are extensively 
em|)Ioved in Java for packing sugar. The stalks left 
over after fibre extraction are used as fuel (Crane, 
lot-, tit. ; Kirby, loi . tit. ; Rama Rao, loc. cit.). 

Data relating to the acreage and production of 
roselle are not separately available : the figures given 
under mesta (Table 4) include both roselle and hiinli 
fibre. Small cpiantitit's of the fibre arc consumed 
locally, bill llie major jiarl of the production in 
Andhra is consumed by jute mills in Visakhapatnam 
district (Rama Rao, loc. cit.). 

H. surattensis I/mn. 

D.K.P., IV, 246 : VI Br. Ind., 1 , 334. 

'VvA.. - -Mullu gog// ; 'Pam. Kashlikirai. 

Bombay Raubhendy ; Mikik llatisrotig. 

A weak-stemmed, intensely prickly, trailing herb, 
found in Delhi, Bengal, Assam, Andhra, Konkan and 
the west coast from Kanara to Tinnevelly. leaves 
somewhat hairy, deeply palmately 3-5 lobed with 



FIG. ^7. HIBI.SCLIS SURATTENSIS— FLOWHKING AND 
FRUITING BRANCH 


serrate margin : flowers large, yellow with dark 
centre ; capsules ovoid, hairy : seeds hairy. 

The plant is raised from seeds. It flowers in 
September-October and the fruits ripen in Dcccmbcr- 
Febriiary (Firmingcr, 606; Cowan & Cowan, 21). 

The stem yields a strong fibre of good cjuality. 
The leaves arc acidic and are eaten after cooking 
or used in salad and as condiment with meat and 
fish. They arc reported to be used for constipation 
and cough : a decoction is used for skin complaints. 
A lotion prepared from leaves and stems is given in 
the treatment cjf venereal .sores and urethritis ; an 
infusion is ii.sed as injection for gonorrhoea. Flowers 
are considered emollient and pectoral in Reunion. 
(Burkill, I, 1172 ; Dalziel, 130 : Reddy & Janaki Devi, 
Andhra agric, /., 1954, 1, 365 ; Brown, 1941, 11, 418 ; 
Quisumbing, 581: Watt ^ Breyer-Brandwijk, 118; 
Kirt. & Basil, T. 338). 

H. syriacus Linn. Ro.sk ok Sharon. Shrubby 

Althaea 

FI. Br. Ind., I, 344 : Bor & Rai/ada, PI. ejo & 91. 

Benc;. — Szvet jaba. 

Bihar & Oklssa — Curhtd ; Punjab — Gurliai 

A deciduous, much-branched shrub, 10 ft. high, 
sometimes attaining a height up to 20 ft. Leaves 
glabrous, sub-rhomboid, 3-lobed : flowers bell-shaped, 
solitary in the axils, about 3 in. across : c'apsules 
oblong, obtuse, slightly hispid ; seeds pilose. 

The plant is indigenous to China. It is cultivated 
in gardens throughout India for its handsome flowers 
which vary in colour from blue-purple to violet-red, 
buff and white. Numerous horticultural types with 
single, .semi-double or double flowers are known : 
there are also forms with variegated leaves. 

The plant is frost-hardy and stands hard pruning. 
It can be grown on any good soil. It thrives best on 
hills and in the cooler parts of the plains. Propaga- 
tion is by cuttings planted in winter or early autumn ; 
it may also be propagated by layers or graftipg ; 
flowering takes place in June-August (Blatter, 
/. Botnhay nat. Hist. Hoc,, 1930, 34 , 627 ; Bailey, 1947, 
II, 1488 ; Chittenden, II, 996 ; Bor & Raizada, 239 ; 
FI. Assam, I, 145 ; Biswas, Rec, hot. Surv. India ^ 1940, 
5 , 420). 

The stem yields a strong fibre. Tender leaves are 
reported to be used as a substitute for tea in China. 
The leaves are considered stomachic. White flowers 
arc edible. A decoction of the flowers is considered 
diuretic and used for itch and other .skin diseases in 
Malaya. It is given for dy.sentcry in Indo-China. The 
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bark and root are mucilaginous, demulcent and anti- 
febrile : they are used in diarrhoea, dysentery and 
dysmcnorrhoca. Seeds are used in headache and 
colds ; mixed with pig marrow, they are used in 
applications for ulcers (Bamber, 89 ; Burkill, I, 1172 ; 
Chco, Bot, BiilL Acad, sinica, 1949, 3 , 153, 135 ; 
Quisumbing, 582). 

H. tiliaceus Linn. CoAsr CorioN I'rkk, Yki.low 
Maij.ow Trke 

D.K.P., IV, 247 ; C.P., 629 : Kl. Br. Ind., 1 , 343. 

Hindi & Ben(;. Bola, chelwa ; Bela pata ; 

Tel. -Eicgogii ; Tam. & WL\i.. --Nirparathi, altu 
pa rat hi ; Okiya — Baniah. 

Andaman Isi.ands — Safed cliilka. 

A much-branched shrub or small tree, 20-30 ft. 
high, found along sea shores, borders of mangrove 
swamps and tidal streams throughout the tropics. 
Leaves roundish, creiuilale, leathery ; flowers yellow 
with a crimson centre, turning red on withering : 
capsules hairy, ovoid : seeds reniform, black. 

The plant is found along the eastern and western 
coasts of India near backwaters and banks of tidal 
streams and mangroves. It is particularly common in 
Sundarbans and Andaman Islands, where it is found 
in places subject to flooding by sea water and forms 
dense thickets near the shore. The plant is grown in 
the interior along river banks for checking soil 
erosion. It is also planted in gardens for its orna- 
mental foliage and flowers. It is propagated by seeds 
and cuttings and flowers sporadically almost through- 
out the year, but profusely in cold and hot seasons 
(Parkinson, 96; Burkill, I, 1172; Brown, 1941, 11 , 
420; Dalziel, 13 1 : Beiithall, 36; McCann, 3). 

The plant is valued for its bark fibre used locally 
for cordage, ropes and mats. The libre is more 
resistant to water than sunn hemp and jute, and gains 
considerable strength and durability when coated 
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with tar. The libre can be extracted even from green 
or unretted stalks l)y stripping the bark, exposure to 
the sun for a day or two, and heating with a wooden 
mallet or slick to remove the outer layers. Retting 
gives a libre of belter appearance (Nicholls & 
Ifolland, 532; Burkill, I, 1172-73; Manson, Indian 
For., 1905, 31 , 347; Brown, 1941, II, 420 ; Dalziel, 

■ 30 - 

The fibre is used particularly in Andaman Islands 
and the Sundarbans for ropes and cordage. Strings 
anil cordages made from the fibre arc used for fishing 
lines and nets. In the Andamans, it is used for 
harpoons employed in hunting dugong and for 
elephant gear. In Portuguese Last Africa, it is used 
for hunting hippopotamus. Mats are woven from the 
libre in Ceylon and in some Pacific Islands. In 
Caroline Islands, the inner bark is split into narrow 
strips and woven into aprons (Burkill, I, 1173: Brow'ii, 
1941, If, 420 ; Dalziel, 13 1 ; Parkinson, 96). 

The bark may be used for the manufacture of 
wrapping pa|KM*. 'Hie fibre is of short length anti the 
pulp obtained is inferior in tjualily. The wood is 
w^iilish grey, soft, light (35-38 Ib./cu.ft.) and llexihlc. 
It is durable in sea water and useful for planking 
and light boats. In Malaysia, it is employed for floats 
of fishing nets, catamarans, household implements, 
for parts of carts and axe-handles. It is reported to be 
used in West Indies for cabinet w'ork, flooring, panel- 
ling and fancy work. In India, it is used as fuel : it 
can be used in place of walnut for gunstock (Burkill, 

I, 1173; For. Ahstr., 1952, 13 , 448: Dalziel, 13 1 ; 
Howard, 60: Neal, 491: Record ik Hess, 351 ; CFamhle, 
88 ). 

The leaves are used as cattle feed. Analysis of leaves 
gave the following values (dry matter basis) : protein, 

I I. 8 ; fat, 4.8 ; starchy matter, 52.1 ; crude fibre, 21.5 ; 
and ash, 9.9% (Burkill, 1 , 1174: Walandouw, J. sci. 
Rt\s. Indonesia, 1952, I, 201). 

An infusion of the leaves is used as a lotion 
for ulcers and wounds ; the leaves are consiilered 
laxative and resolvent. Flowers are boiled in milk 
and used as a remedy for earache. The hark is 
emetic. The mucilage, obtained by macerating fresh 
bark in water, is given in dysentery. The root 
is febrifuge, aperitive, emollient, sudorific, diuretic 
and laxative : it is used in the preparation of an 
embrocation for rheumatism and lumbago. An in- 
fusion of the seeds is used as an emetic in Brazil ; 
the leatlicry coat of the seeds is reported to contain 
an active principle (Brown, 1941, II, 420; Kirt. & 
Basil, I, 334 ; Nadkarni, I, 633 ; Quisumbing, 583). 
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H. trionum Linn. 'rKAii.iNc; HoLLYiiot:K, 

Bl .A( :K-EYF.n iSrSAN 

FI. Hr. Ind., I, 334 : Blatter, I, PI. 15, Fig. 4. 

A })ui)esccnr lierh, 1-2 ft. high, found throughout 
India ascending to a height of 6,cxx> ft. in western 
Himalayas. Leaves variable, lower leaves orbicular, 
undivided, upper deeply 3-5 lobed ; flowers c. ijA 
indies in diam., pale yellow w'ith dark purple centre : 
capsules olilong, olituse. hairy ; seeds rounded on the 
hack, glabrous. 

//. trionum is a common plant with showy flowers, 
occurring widely as a weed of cultivation. It is propa- 
gated by seeds. It prefers black cotton soil, hut may 
he growti also in light sandy soil. The plant comes 
into blossom early and produces seeds abundantly 
(C'ollett. 60 : Blatter. /. Homba\ mit. Hist. Soc., 1930, 
34 , 629 : Firminger, 605). 

I'he plant is usetl in southern Africa for round 
wtirm. It is reported to he poisonous to stock, parti- 
cularly horses. Iti (liitia and Malaya, the dried leaves 
are considered stomachic. An infusion of the flowers 
is used for itch and painful skin diseases ; it is also 
considered diuretic. The seeds contain 21.8-23.8% of 
a fatty oil (Watt & Breyer-Brandwijk. n7 : Webb. 
Bill/. Coun. sci. industr. Rrs. Aust., No. 232, 1948, 
102 : Kirt. cV Basil, I, *• Chem. /l/?,s 7 r., i9'^6. 30 , 
811). 

Other species of Hibiscus known to yield fibre 
useful for cordage, twine, rope and fishing lines are: 
//. criocur/nis DC. (syn. //. platmiifolius Sweet, H. 
col/inus Roxh.), //. lunariijolius Willd., H. radiatus 
Cav., H, tncuspis Banks and //. vitifolius Linn. The 
|)elals of //. vitifohus are rich in flavonols with 
Iiigh tinctorial properties (Matthews, 347 : Bull, 
imp. lust.. Loud., 1947, ^ 5 , 126: Dalziel, 129; 
Rao Sesliadri, Proc. Indian Acad. Sci., 1946, 
24 A, 352). 

The following species are considered to be of orna- 
mental value: //. criocarpus, H. schizopctalus (Mast.) 
Hook, f., and H. tricuspis. H. [ragrafis Roxb., a 
small tree of Assam, bears white fragrant flowers 
IMrminger, 605-6 : Bor & Raizada, 236 : Cowen, 1 13 : 
Krishna & Badhwar, J. sci. industr. Res., 1947, 6(5), 
suppl., 64 1. 

H. tuberculatus Pal & Singh, a wild species recently 
recorded from Delhi, Uttar Pradesh and Rajasthan, 
is resistant to mosaic and to fruit borer attack. It has 
been used in hybridisation with H. csculentus (Pal 
et al., Bnt. Gaz., 1951--52, 113 , 455). 

'rile root of H. crinitus G. Abelmosclius 


crinitus Wall. (syn. //. cat tee Hat us Roxb.) is reported 
to he edible. The leaves of H. radiatus are used as 
vegetable or pot-herb. The green capsules of //. 
micranthus Linn. f. are eaten. //. micrantbus and 
H. radiatus are reported to possess medicinal pro- 
l^rties |Haines, II, 64: Burkill, I, ii68; Duthie, I, 
89 ; Kirt. & Basu, I, 327 : J. sci. Res. Indonesia, 1952, 

1 (suppl.), 26J. 

Hickory Nuts — see Carya 

HIERACIUM Linn. (Compositae) 

FI. Br. Ind., III. 399. 

A genus of herbs distributed in the cooler parts of 
the world, chiefly in the temperate, alpine and arctic 
regions of the northern hemisphere. Five species 
occur in India. 

//. virosurn Pall, is a medium-sized, iK'i’ennial herb 
with a stout stem, found in Kashmir at altitudes 
of 7,ooo-8,(KK> ft. Leaves sessile, crowded gradually 
diininivshing upwards, oblong-ovate, 1-3 in. long, 
cordate, toothed ; flower-heads yellow, in terminal 
umbellate corymbs. 

The plant is used as aperient and vulnerary iti 
Spain. It is said to be poisonous (Cains, /. Bombay 
nat. Hist. Soc., 1939-40. 41 , 846). 

//. vulgatum (Fr.) Alm(|. and H. umbellatuni Linn, 
are herbs found from Kashmir to Garhwal at 
altitudes of 5,000-10,000 ft, 'Hie former species 
contains inulin. H. umbellatuni contains phytosterol 
(Wehmer, If, 1269). 

Some species of Hicracium are grown for ornament. 
The plants are propagated by divisions or by seed 
(Chittenden, IT, 996). 

HIEROCHLOE Gmel. ex R.Br. {(Iranuneae) 

D.F.P.. Ill, 435; FI. Br. Ind., VII, 222. 

A small genus of |x?rennial, erect, slender, sweet- 
scented grasses, found in temperate and cold regions 
of the world. About 6 species are found in India. 
//. laxa R.Br., a perennial grass, with stems 1-2 ft. 
high and stout creeping root-stock, is found in western 
Himalayas from Kashmir to Kumaon, at elevations 
of io,otx)-i6,ooo ft. It bears small panicles of bronze 
or })urple coloured spikelcts and emits during drying 
a perfume like that of the sweet scented grass, 
Anthoxanthum odoratum Linn. H. odorata (Linn.) 
Beauv. syn. H. borealis Roem. & Schult. (Swket 
Crass, Holy Grass, Vanilla Gras.s), a common grass 
in northern Asia, northern Europe and northern 
America, has a similar scent ; it is used in N. America 
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for making mats, baskets and boxes, which remain 
scented for years. It is also reported to be used in the 
litjuciir industry and fumigating powders. Its rhizome 
contains a coumarin. The ash (8.41%) of the plant 
contains : SiO^, 42.73 : K^O, 37 ; Cl, 4,49 : and 1*^0.,, 
7.42% (Stewart, Brittonia, N.Y., 1945, 447 • H^^l* 

45 : Sieinmetz, I, 234 : Wehnier, 1, 79). 

^/. liorsfieldii Maxim., a species occurring in Java, 
provides cattle fodder. Analysis of the grass gave the 
following values: protein, 5.26 : fat, 0.87 : ash, 12.96 : 
starchy substances, 45.93 ; and raw fibre, 34.98 ‘Y, 
(Walandouw. /. sci. Res. Indonesia, 1952, 1, 201). 

Hill Mango — .see Commiphora 

Hilsa — sec Fish & Fisheries 

Himalayan Bear — .see Sloth Bear & other Bears 

Himalayan Cypress — .see Cupressus 

Himalayan Desert Candle — .see Eremurus 

Himalayan Marmot — see Fur & Fur-bearing 

Animals 

Himalayan Pencil Cedar — .sec* Juniperus 
Hing — see Ferula 

HIPPEASTRUM Herb. {Amaryllidaceae) 
Chittenden, 11, 998 ; Bailey, 1949, 257. 

A genus of showy bulbous herbs native of tropical 
America, now placed under Amaryllis. A few species 
and hybrids are cultivated in Indian gardens. 

Some of the species and their numerous hybrids 
bear beautiful flowers ol rich deep crimson, Idood- 
recl, orange-scarlet, w^hite and pink colour. Several 
types with striped, mottled and blended corollas 
have also been evolved. Propagation is done by seeds 
or offsets. They may be grown in large pots, but do 
better in beds. Removal to a fresh situation every 
two or three years is beneficial (Firminger, 331). 

*H. eqnestre W^rh. — Amaryllis belladonna Linn, is 
a lily-like plant with globose bulbs, strap-shaped 
leaves and a few fragrant, attractive, funnel-shaped 
flowers borne on erect stems 1-2 ft. high. The bulbs 
arc u.sed in Java for poulticing swellings of the neck 
and contusions. They are acrieV and [X)i.sonous and 
contain 0.9% of an alkaloid, bcllamarin, which is 

*Thcrc is considerable dilTcrencx of opinion about the nomen- 
clature and identity of this American plant. Some authors con- 
sider it to he different from the Linnaean specie.^ Amaryllis 
helladontuit which according to them was based on a cultivated 
Cape plant, popularly known as Cape Belladonna (Sealy, Kew 
Bull, 1939, 49; Bailev, 1949, 2.S7, 2.S1 ; Chittenden, 1, 96; II, 
998). 



FIG. 59. HTPPFASTRUM VITTATUM— IN FI.OWER 


identical with lycorine |CirtH,.0,N : m.p., 275" 
(decoinp.) : |o.|,7’ , - (l^tirkill, I, 1176: Wehmer, 
I, 165: Henry, 406). 

H. vit latum Hcth. — Afnaryllis vittata Ait. is 
another s[)ecies cultivated in Indian gardens for its 
red and white striped flowers. 4-6 in. long and nearly 
as broad. The bulbs on injury exude a red pigmeni, 
which is classed wiih haematoxviin, brasilin, eic. 
(Chem. Ahstr., 1911. 5, 3091). 

Hippocratea — see Pristimera 

HIPPOMANE I .i n n . {Eupho rh iaceae) 

Cooke, II, 627. 

A genus of trees distributed in tropical America. 
West Indies and South Florida. 

H. mancinella Linn, is a medium-sized laticiferous 
tree with ovaic-clliptic leaves and inconspicuous 
flowers, grown in some of the Indian gardens for its 
attractive yellowish green fruit. 

The milky latex is highly poisonous and irritant 
and acts as a vesicant when applied to the skin : it 
causes blindness for .some days if it gets into the 
eyes. The smoke from the wood is also injurious to 
the eyes. In a dose of 20 drops, the latex causes fatal 
gastro-enteritis. In smaller doses (2 drops), howxn^er, 
it acts as a powerful cathartic and is administered 
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as a vermifuge for children in Guiana, and against 
tetanus infection in Cuba. The latex also possesses 
diuretic properties (Caius, /. Bombay fiat. Hist, Sac., 
1938-39. 40, 293 ; U.S.D., 1947. 1514). 

The wood is yellowish brown with black and 
brown markings, heavy (sp. gr.. 0.60 0.68 ; wt., 38-43 
Ih./cu. ft.), lustrous, fine- and uniform-textured. It is 
durable, easy to work and finishes to a smooth surface. 
(Record & Hess, 160). 

The tree is useful as a windbreak in coastal regions. 
The hark yields a resin (Williams & Williams, 188 : 
Wehmer, II, 689). 

HIPPOPHAE Linn. {Elaeagnaceac) 

A small genus of shrubs and trees native of 
temperate regions of the Old World. Two species 
occur in India. 

H. rhamnoides Linn. Common Seabuckihorn 

D.K.P., rV, 251 ; FI. Br. Ind., V. 203 ; Kirt. & Basil, 
PI. 838A. 

Punjab -Neichak, kalahisa, sirma, tserkar ; Ladakh 
& Lahoui.— .Virtue, tasru ; U.P. — DJiurchuk, chuma, 
larwa. 

A dioecious, usually spincscent shrub or a small 
tree up to 40 ft. high, with rough brown hark, occur- 
ring in the river beds of the drier ranges of the north- 
western Himalayas at altitudes of 7,000-12,000 ft. 
Leaves small, linear-lanceolate, covered on both sides 
with silvery scales : flowers very small, greenish or 
yellowish, appearing with new leaves: male in 
axillary clusters, female solitary : fruits enclosed by 
succulent receptacle, ovoid, c. 0.25 in. long, orange- 
yellow or scarlet : seeds oblong, testa crustaccous, 
shiny. 

The fruit is acidic and is made into a jelly with 
sugar. A syrup prepared from it is used in lung 
complaints : a decoction is used for cutaneous erup- 
tions (Kirt. & Basil, III, 2177). 

The fruit is a rich source of vitamin C (ascorbic 
acid, 135-608 : dehydroascorbic acid, 30 mg./ 100 g.). 
Fairly stable food products with high vitamin C 
potency (juice, 1,000; juice powder, 10,000: and 
marmalade, 1,250 mg. vitamin C/ioo g.) have been 
prepared from the fruit. The juice powder keeps its 
vitamin potency for 2/2 years {Chem. Ahstr,, 1945, 
39, 2585; 1949, 43, 5510: Horl. Ahstr., 1949, 

19, 320). 

The mature fruit is rich in carotene (6-8 mg./ 
100 g. almost half that of carrots) : it also contains 
vitamin B^. The carotenoid pigments present in the 


fruit are: /8-carotene, cryptoxanthin, zeaxanthin and 
its dipalmitic ester physalicn, lycopene and y-caro- 
tene. An anthocyanin identical with pconin (from 
Paconia sp.) and a flavonol, wa-rhamnetin, arc also 
present. The fruit contains malic acid, citric acid, 
tartaric acid, traces of succinic acid, reducing sugars, 
pectins, tannins and mannitol (Chem, Ahstr,, 1950, 
44, 1 1032, 617 : 1949, 43, 3143 ; Wehmer, II, 815). 

The fruit contains a dark red fatty oil (c. 2%) of 
pleasant odour and taste with the following 
characteristics; d, 0.9243 ; n, 1.4642 ; acid val., 7.35 ; 
sap. val.. 190 ; iod. val., 76.5 ; solid, pt, 6.4® ; R.M. 
val., 0.79 : acetyl val., 16.4 ; and unsapon. matter, 
3.66%. The component fatty acids are: palmitic and 
stearic, 10.4 : oleic, 63.4 ; and linoleic, 10.5%. The 
centrifuged oil is a concentrated source of carotene 
(164 mg./iot^ g.) (Chem. Ahstr,, 1930, 24, 4413 ; 1950, 
44, 11032). 

The seeds contain (12.13%) a yellow, slow-drying 
oil with the following constants: d, 0.9278; n, 
1.4739 • » 4-4 * f *9--5 * acetyl val., 

10.4: iod. val., 138.2: and unsapon. matter, 1.78%. 
The component fatty acids arc: palmitic and stearic, 
10.9: oleic, 41.47; linoleic, 12.31 ; wolinoleic, 20.69; 
and linolcnic, 14.63%. The pigments present in the 
seeds arc zeaxanthin and carotene (Chem, Ahstr,, 
1930, 24, 4413 ; 1950, 44, 1 1032 ; Karrer & Jucker, 75). 

The bark contains (3.06%) a yellow fatty oil with 
the following characteristics: n, 1.4639; acid val., 
9.60 ; sap. val., 189.2 ; iod. val. (Margosches), 56.3 ; 
and solid, pt, 12.0°. The component acids are: pal- 
mitic and stearic, 37.4 ; and oleic, 62.6%. Two alka- 
loids in an impure state have been isolated from the 
bark. Carotene is also present {Chem, Ahstr,, 1930, 
24, 4413: 1951, 45, 8090; Henry, 773). 

The twigs and leaves contain 4-5% tannin. The 
leaves contain carotene, ascorbic acid (340.8 mg./ 100 
g.) and some dehydroascorbic acid. Presence of hemin 
(0.03 mg./ 100 g.) is reported in the root nodules 
(Wehmer, loc. cit. ; Chem, Ahstr., 1951, 45, 8090; 
*953» ^7, 12538 ; 1952, 46, 11335). 

The wood (wt., 38-54 Ib./cu. ft.) is yellowish brown, 
mottled, hard and close-grained. It is used as fuel 
and for making charcoal. 

H. salicifolia J). Don is a willow-like shrub occur- 
ring almost throughout the temperate Himalayas. It 
is allied to H, rhamnoides and has the same uses. 
Propagation is by seed or by layering. Both species 
are grown in many parts of the world as hedge 
plants (Chittenden, II, icx)2). 
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HIPTAGE Gacrtn. {Malpighiaceae) 

A genus of climbing or sub-erect sbrubs, rarely 
trees, distributed in tropical and subtropical parts of 
Asia. Three species occur in India. 

H. benghalensis Kur/ syn. H, madahlota Gaertn. 
D.E.P., IV, 252 : III, 414, 429 ; FI. Br. Ind., I, 418. 

Sans. — Afacihavi, alimukta ; Hwdi ^Madhavilata, 
madhmalli, madlio lata, kampti, aneta ; Bkng. — 
Madliavi lata, maduhli lata, luadhtihi, hosanti ; Mar. 
— Afadliavi, lialadvel ; Guj. — Aladhavi, rakatpiti ; 
Tel. — Afadhavi-tige, vadlayerala, atimutamu ; Tam. — 
Afadavi, vasandagalamalligai ; Kan. — Aladhavi, 
vasantaduti ; Mai.. — Sitampu ; Oriya — Boromali, 
gorunda, 

Punjab — Clwpar, endra ; Kumaon — Aneta, handa 
ajari ; Nepal — Madhahilata, charpatc lahara ; 
Lepciia — Tuugchirrik ; Assam — Kerek-lata ; Buiar 
— Gnmdaha, gunnidanari, 

A large, handsome, evergreen climbing shrij!> 
found ihroiighout India and Andaman Islands, 
chiefly in damp places, ascending up to an altitude of 
6,000 ft. Bark brown, exfoliating in flakes ; leaves 
opposite, 4-6 in. long, elliptic-oblong or ovate- 
lanceolate ; flowers fragrant, silky, in racemes : petals 
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fringed, white, uppermost yellowish ; fruit of 1-3 un- 
etpiaily winged samaras ; seeds subglobosc. 

The plant is cultivated in gardens for its attractive 
flowers. It is easily propagated by seed or by layering 
(Nairne, 41 ; Gopalaswamiengar, 356). 

The leaves are used in cutaneous vliseases. The leaf 
juice possesses insecticidal properties and is used as 
an application for scabies. The plant is also used in 
chronic rheumatism and asthma. The leaves are re- 
ported to be used as fodder (Kirt. & Basil, 1 , 417 ; 
Bressers, 22 : Rama Rao, 57). 

The hark is an aromatic hitter. It contains a 
crystalline glucoside, hiptagin |C,„H, .OyN.^. : 

in.p., no® ; |a!jj, 3.5®]. The hark also contains S.5% 
tannin (Wehmer, II, 664 : Thorpe, VI, 90). 

The wood is reddish brown with darker |)atchcs in 
the centre, moderately heavy (wt., 35-38 Ib./cu. ft.), 
soft to tolerably hard, and rough. It is used for tool 
handles and as fuel (Gamble, 118 ; Cameron, 45; 
Gupta, 86). 

Hirudinea — sec Leeches 

HITCHENIA Wall. {Zingihcraceae} 

A small genus of rhizomatous herbs, distributed in 
south-western and eastern India, Burma and Malaya 
Three species are recorded from India of which one 
has been tried as a source of arrowroot starch. 

H, caulina (Grab.) Baker syn. Curcuma cauliua (irah. 
Indian Arrowroot 

D.E.P., II, 658 : C.P.. 443 ; FI. Br. Ind., VI, 224. 

Hindi & Beng. — Tikliur ; MAR.—Tavakhir. 

Bo.mbay -Chavara, cliozvar. 

An annual lierh with ellipsoidal tubers, occurring 
wild on the tableland of Mahabaleshwar and a few 
other neighbouring areas in Bombay State and ex- 
tending downwards on the west coast. Tubers of the 
size of an orange, sometimes larger, with white flesh 
inside : stem leafy, 3-^4 ft. high with ohlong-lanceo- 
latc leaves, 12-20 in. long and 3-4 in. broad : flowers 
yellow, borne on a central spike, which usually 
posse.sses a long peduncle. 

The plant grows gregariously in open patches over 
an area of c. i6,txx) acres on the Mahabaleshwar 
plateau : in some j)laces the growth is dense, as many 
as 20,j;oo plants jxn* acre having been enumerated. 
The plant is easily propagated by tuber cuttings 
planted in. raked soil at the beginning of the mon- 
soon ; even thick peelings with eyes sprout readily. 
Shady ground in arecanut plantations and hanks of 
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liiatter Herbarium, Homhay 
ri(i. 61. HITCHENIA CAIILINA— FLOWERING PLANT 

irrif^ation channels afford congenial situations for 
planting. 

The tubers are rich in starch (10.9-18.3/0 on fresh 
weight) and constitute a valuable raw material for 
starch manufacture. Fully developed tubers contain 
a higher concentration of starch than immature 
ones : the starch content is higher in tubers harvested 
during l*\*hiTiary-March than in those harvested 
during the monsoon j)eriod. For ensuring high 
starch yields, only fully developed tubers should be 
harvested, necessitating a two-year rotation. The 
plant hears abundant foliage, and the possiliility of 
utilizing the leaves for paper-making has been sug- 
gested (Information from the Chief Conservator of 
Forests, Bombay : Khairnar, Indian For., *945» 71 , 
126 : Turner, ibid., 1909, 35 , 449). 

For the preparation of starch, harvested tubers are 
washed to remove adhering soil and fibrous roots are 
choj>ped off. Cleaned tubers are then grated, in hand 
operated wooden rollers and the grated material col- 


TABLE I— ANALYSES OF ARROWROOT POWDERS FROM H. CAULINA 
& MARANTA ARUNDINACEA* 



Indian 

arrowroot 

West Indian 
arrowniot 

A 

Moisture (%) 

10.40 

f 

Sample A 

1 2.90 

Sample B 

11.90 

Ash (■'„) 

0.50 

0.28 

0.42 

Water solubles (“;',) 

0.14 

0.41 

0.19 

Kiher solubles 

0.10 

0.70 

0.64 

Starch (%) 

SS.S6 

85.71 

86 85 

Viscosity at 

25^ (iec.) 

IS 

21 

17 

Aciclity: N. alkali 
rcquircfl for 10(1 g. 
starch (c;c.) 

1.342 

0.732 

1.830 

* Khairnar. Indian 

For., 1945, 71 , 

126. 



Iccted in a trough, through which water is continu- 
ously flowing. The starch is washed, sieved through 
cloth and washed again : the process of sieving and 
washing is repeated 3-4 times. 'I'he starch is then 
spread evenly on clean sheets and dried in the sun. 
An average yield of 13.6V0 (on fresh wt.) of starch, 
of which c. S% is of superior (piality has been report- 
ed. The product is devoid of taste or colour and is 
suitable for human consumption : it compares 
favourably with imported arrowroot starch (lable 1). 
An inferior product obtained by two washings is 
suitable for making adhesives and for sizing textile 
fibres (Khairnar, Indian For., 1945, 71 , 126). 

The tubers have been occasionally utilized for the 
manufacture of starch. During World War II, when 
arrowroot starch was scarce or unavailable, the Forest 
Department, Bombay, leased out //. caulina areas 
to a few linns for the manufacture of starch (In- 
formation from the Chief Conservator of Forests, 
Bombay). 

HODGSONIA Hook. f. & Thoms. (Cncurhitaceae) 

FI. Br. Ind., 11 , 606. 

A small genus of two sj)ecies of large woody 
climbers, distributed from north-eastern India to 
Malaysia. H. lictcro%:lita Hook. f. & Thoms.* (Bkn<;. 
— Gulur ; Nkpai. — Darsani, ghinphal ; Assam — 
Thehou-lata, tapouf^uti ; Lepciia — Kathior-pat ; 
Lushai — Kha-um : Abor — Thekrai ; Lakiiimpur — 

* Kundu (/. Homhay nat. Hist. Soc., 1942-43, 43 , 362) con- 
sidered the two species of the genus as quite distinct, but 
erroneously applied the name H. macrocarpa to the Indian 
plant. H. maerocarpa is based on a type collected from Borneo 
(Indonesia) under the name Trichosanthes macrocarpa Dlume, and 
is, therefore, more appropriate for the Malaysian plant. 
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Astepa) <x'ciirs in Sikkim, North Bengal and Assam 
up to an altitude of 5,000 ft. It differs from the 
Malaysian species, H. macrocarpa (Blumc) Cogn. 
syn. H. capniocarpa Ridley in minor botanical 
rcatiires. According to some authors the two sjxcies 
may he treated under the name H. nutcrocarpa 
(Blume) Cogn. (Kundu, /. Bombay nat. Hist. Soc., 
1942-45, 43 , 562 ; Rurkill, I, 1178). 

'rhe plants included under these species are large 
vigorous climbers, up to too ft. in length, hearing 
large globose fruits, 4-10 in. diam., with hard, hitter, 
inedible flesh. Kruit contains 4-8, large (2-3 in. x 
1.0- 1. 5 in.), flattish seeds. The raw seed kernel is 
hitler, bur is esteemed as an edible nut after roasting 
or baking. The kernel (c. 33% of the whole seed) 
contains: protein, 21.5: and fatty oil, 66.5';o. The 
fatty oil extracted from the kernel is non-drying and 
has rhe following characteristics : sp. gr.‘,‘!J^., , 0.907 : 

, 1.4613 ; acid val., 3.6 : sap. val., 201.2 ; iod. val., 
67.1 : and unsapon. matter, 0.4%; litre, 42.1°. The 
fatly acid composition of the oil is as follows: 
myristic, n .6 : palmitic, 37.3 : stearic, 8.7 : arachidic, 
0.8 ; oleic, 27.1 : linoleic, 24.6 ; and hexadecenoic 




acid, 0.9 V". rhe concentration of saturated acids is 
notably higher than that found in any other cucur- 
hitaceous seed. The oil is used as a suhstiiute for 
cocf)mit oil for cooking in Malaya ; it is used as 
a medicinal oil in Borneo (FI. Assam, II. 326 : Bur- 
kill. 1 , 1179: Wehmer, II. 1206 ; (korgi Teik, 
Malay, a^rric. /., 1929, 17 , 392 : Jamieson, 251 ; 
Kckcy. 770). 

Hog‘deer — see Deer 

Hog Gum — see Cochlospermum 

Hog Plum — see Spondias 

Hogs — see Livestock 

Hog Tragacanth — see Prunus 

HOLARRHENA R.Br. (Apocvaaceae) 

A genus of shrubs or trees found in the tropics 
and subtropics of the Old W{)rld. One species 
occurs in India. 

H. antidysenterica (Linti.) Wall. 

D.E.P., IV. 255: C.P., 640; FI. Br. Ind., Ill, 644. 
Sans. — Ktitaja, kal'niga ; Ilixot — Karelii, karchi, 
karra, kora, kuar, kure\a, kura ; Bkno. — Karelii : 
Mar. — Kodaga, kuda, dola-kuda, pandhara-kuda ; 
Guj. — Dhozvda, kada, kari ; Tki.. -Bala, kodaga ; 
'Fam. — Veppalei, kodagapalei, indraham ; Kan.- 
Bcppale, koodsaloo, korehie ; Mal.— Kod a ga pa I a ; 
Okiya — Kherzva, pita konva, patru kurzva. 

PcNtAB — Keor, kezvar ; Nkpaf. — Khuria ; Lf.i'ciia - 
Fajeerip ; Biiiak — Dudhiari ; Assam — Dhutkhuri, 
dudkhuri. 

A deciduous laticiferous .shrub or small tree 
30-40 ft. high and up to 4 ft. in girth, with a clear 
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hole of 10-20 ft., occurring almost throughout India 
up to an altitude of 4,o(X3 ft., often gregariously in 
deciduous forests and open waste Icinds ; it is especial- 
ly ahiindant in the suh-Himalayan tract. Bark rather 
rotigh, pale I)ro\vnish or greyish, peeling off in 
irregular flakes : leaves opposite, suhsessile, elliptic 
or ovate-ohlong. 4-12 in. X2-5 in., membranous: 
flowers white, in terminal corymbose cymes ; follicles 
divaricate, cylindric, h-iS in. long and 0.2 0.4 inch 
in diam., usually white spotted : seeds light brown, 
0.3 0.5 in. long, 900- 1, (KX) seeds weighing one o/.., 
25-30 in a follicle: coma brownish, spreading, 1-2 in. 

1'be species is im|K)rtant in reclothing waste lands ; 
it is one of the first to come up and is the last to 
disappear in denuded forests. It acts as a nurse to 
more valuable species, especially sal seedlings, in 
forests. It is also cultivated as an ornamental plant 
for its beautiful flowers which arc borne in great 
profusion in spring before the ap|K‘arance of leaves : 
a second flush is often produced in September- 
Novenibcr. 



FIG. 64. HOLARRIiENA ANTIDYSENTERICA— FRUITING BRANCH 


In its natural habitat, the maximum shade 
temperature varies from 105 to ii8°F. and the 
minimum from 30 to 55° F. : the normal annual rain- 
fall varies from 30 to 150 in. Thougli sensitive to 
frost, the tree recovers easily from damage. It can 
stand slight shade, but develops best in full light, 
and is tlrought-hardy. The plant coppices well and 
shoots up readily after severe scorching by fire ; it 
produces root-suckers in abundance. 

Natural reproduction is abundant owing to regular 
and copious seeding from an early age, comparative 
immunity of the plant from tiamage. by animals and 
its power of recovery from injury of all kinds. Seeds 
germinate during the early rains and seedlings attain 
a height of 4 6 in. by the end of the first year. Weed- 
ing and watering stimulate growth. In subsequent 
years growth is more rapid, the mean annual girth 
increment being 0.78-0.9 in. 

Artificial reproduction can be secured both by 
direct sowing and by transplanting, b^resh seeds have 
a high percentage of germination but in seeds more 
than a year old the viability is low. The species is 
successfully grown by line sowing with field crops. 
Weeding, periodic thinning, and loosening of soil at 
intervals are beneficial (Troup, IF, 664-68). 

The stem and root barks arc medicinal and have 
long been used in India in the treatment of dysen- 
tery. Under the name of Kuiuan (Holakruena, 
CoNKssi Bark, Tf.i.i.ichkrry Bark), the stem bark is 
official in I.F. It consists of dried bark collected from 
8-12 year old plants and freed from attached wood ; 
it is available in small pieces, curved or (|uilled, 1-6 
cm. long, 1-4 cm. broad and 1-7 mm. thick : outer 
surface greyish brown to reddish brown, longitudi- 
nally wrinkled with occasional transverse and longi- 
tudinal cracks, fretpiently covered with grey lichens 
showing small black ajiothecia : thicker pieces rugose 
and showing numerous yellowish warts ; inner sur- 
face cinnamon-brown, longitudinally striated, fre- 
(juently with portions of pale yellow wood attached : 
fracture brittle ; odour faint : taste bitter. According 
to I.P., kurchi should contain <C^% total alkaloids, 
>1% acid-insoluble ash and 5>5% foreign organic 
matter. It should be stored in dry, well closed con- 
tainers. The root bark is similar to stem bark, but 
of a deeper and more rusty colour (I.P.C., 135 : 
B.P.C., 1949, 402 ; Dymock, Warden & Hooper, IT. 
394 : I.P.. 358). 

The bark has astringent, antidysenteric, anthel- 
mintic, stomachic, febrifugal and tonic properties. It 
is used in the treatment of amoebic dysentery and 
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diarrhoea, and is usually administered as extract or 
decoction. Although slow in action as compared with 
emetine, it is less toxic and can be administered 
orally. Kurchi bark is given either alone or with 
other astringent drugs in piles, colic, dyspepsia, chest 
affections and diuresis ; it is also useil for diseases 
of the skin and spleen. A hot decoction of the drug 
is used as a gargle in toothache. A powder prepared 
from the hark is rubbed on the body by Santals in 
dropsy (Kirt. & Basil, 11, 1570 ; Benthall, 310 ; B.P.C., 
1949, 403 ; Koman, 1918, 3 ; Chopra, 327 ; Dymock, 
Warden & Hooper, 11, 393 ; Das Gupta, Sci, & Cult., 
J95*-52, 17, 421). 

The therapeutic value of kurchi is due to the 
presence of alkaloids which occur as tannates. The 
total alkaloid content of Indian kurchi is 0.22 4.2% 
(av. 2.2%). It varies with the age of the plant, reach- 
ing the maximum in 8-12 years old plants. It also 
varies with the season ; the maximum alkaloid con- 
tent has been reported from bark collected soon after 
the rains (July-September). The average total alkaloid 
contents in other parts of the plant arc: stem, 0.52 ; 
leaves, 0.97 ; ffowers, 0.55 ; and seeds, 1,825% (Dutta 
& Ghosh. Indian J. Pliarm., 1949, 11 , 74; Prasad 
& Kaul, ibid., 1957, 19 , 131 ; Dutta ct al., Indian J, 
mcd. Res., 1950, 38 , 467 ; Siddiqui el al., J. sci, 
industr. Res., 1944-45, 3 , 555). 

The principal alkaloid of kurchi is conessine 
(yield, 0.4';,)), a stcnol with a structure resembling 
7-ergosten-3-ol and Y-stigmastenol. Seventeen other 
alkaloids besides conessine (Table i) have been iso- 
lated and described, but the identity of some of them 
is still doubtful (Henry, 742-48 ; Chcni. Abstr., 1951, 
45 , 1608 ; Sidditpii & Pillay, ]. Indian diem. Soc., 
'932, 9 , 553). 

Clinical anil laboratory trials have shown that 
conessine and related alkaloids possess amoebicidal 
properties comparable to emetine. Kniamoeba histo- 
lytica in mucus flakes is killed by emetine in a dilu- 
tion of I in 200, (XX) and by conessine, in a dilution 
of I in 28o,(x)o. Conessine hydrobromide (CaiH4oNa. 
2HBr) is official in International Pharmacopoeia ; ii 
contains <^[[67.5 and ^69.0% conessine. It is prescrib- 
ed in amoebic dysentery and is considered to be less 
toxic than the base. It has the advantage over emetine 
hydrochloride of oral efficacy, but sometimes causes 
neuropsychiatric manifestations. It produces, parti- 
cularly with doses of more than 500 mg. daily, 
restlessness, tremors, insomnia, vertigo and gastro- 
intestinal disturbances. Calcium gluconate and bar- 
biturate minimise the toxic effects. A glycerine 


TABLE 1— KURCHI ALKALOIDS* 


Alkaloids 

Formula 

ni.p. ("C.) 

Conessine 


125 

>ior-C'4)ncssinc 


t 

Concssitninc 


100 

i\o-C:onessimi nc 


92 

Kiirrhinc 


75 

Coniniiiic 

CijjH-igNj 

133-35.5 

Conatiiinr 


f 130 

\ 97.5 1 01. 5 

C'.onarrh inline 


Conkiirrhinc 

(:„ii,,N, 

152 .S3 

C:oni‘ssifline 


123 25 

Tri mel h y 1 con k u rch i nc 


125-28 

1 lolarrliiniine 

C,jlI„.N3) 

183 

Holarrlienific 


197 98 

llolarrhinr 

C,,1I„NJ), 

240 

llolarrhessiininc 


160 64 

Lcttocine 

(:,,ii,.NO, 

350 52 

Conktiivliitiiiie 

a.IhoN, 

161 

Kurcbicinc 

IV„1I,>V3) 

175 

• Roy & Milker ji, J, sc 
b.|)., 238-40 ’ 0.7 liitn. 

r. ifuiustr. Kcs., 1958, 

I7A, 158. foil: 


suppository containing conessine hydrobromidc has 
been successfully used in trichomoniasis. Kurchin 
Bismuth Iodide, a combination of the total alkaloids 
of kurchi and bismuth iodide is official in I.P. It 
should contain <(23 and 3>27';.. of kurchi alkaloids 
and <(i8 and ^>24';.. of bismuth (Chopra, 328-38 ; 
U.S.D., 1955. 360; hit. P., II. 81 ; I.P., 359). 

Conessine possesses antitubercular activity in situ. 
It increases coronary outflow in the isolated rabbit 
heart, induces narcosis in frog, and produces local 
anaesthesia in guinea pigs, being twice as active as 
cocaine, but causes necrosis on subcui ancons injec- 
tion (Henry, 748 ; Burger, II, 859 : /. Pharm., Lond., 
• 949 - 1 « 34 '>)- 

In addition to the alkaloids, kurchi contains: gum, 
9.56; resin, 0.2; and tannin, 1.14%. A iriierpcne 
alcohol, hipeol (C3iH;,oO ; m,p., 213-14®) and (I- 
sitosterol have been isolated from the unsaponifiable 
matter of the bark. Kurchi gum is rust brown in 
colour, bitter in taste and has the following cons- 
tants: sp. gr.'’‘\ 1.092 ; |a]p, nil ; acid val., A5.28 ; 
ester val., 106.14; val., 171.42; and acetyl val., 
250,52. It is reported to be effective in some cases 
of dysentery. An aqueous solution of the gum (i : 400) 
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kills Paramocdmu in two hours (Cains & Mhaskar, 
hidian vied. Res. Mevi., No. 6, 1927. i : Siddiqiii & 
Pillay, ]. Indian client. Soc., 1933, 10, 673 ; Ganguly 
& Bagchi, J. Instil Chcni. India, 1953, 4^)* 

The seeds (Hisdi -Kanva-indarjatt ; Beng. — Tita- 
indarijau : Mar. — Kadti-indarjatt ; Guj. — Kadvo- 
indarjan; Tel. — Arnkudn-vithdu; Tam. -Kulappallai- 
virai : Kan. — Kodn-mnrakan-hija) arc considered to 
possess similar properties as the hark and are put to 
similar uses. They are alsc) used in pessaries for pro- 
moting conceptions, for toning up vaginal tissues 
after delivery and for veterinary purposes. The 
seeds contain many of the alkaloids present in the 
l)ark hut in a lower concentration (1.82). A glyco- 
alkaloid |m.p., 200'' (dccomp.)| has also been 
isolated. Hydrolysis of the glyco-alkaloid with picric 
acid yields conessine picrate, a second picrate (in.p., 
1 13-16"), and galactose. Small amounts of tannin 
and resin are also present in the seetls. A decoction 
(1 : 150) of the seeds kills Paramoccium within 15 
minutes (Dastiir. Medicinal Plants, 136 : Chopra, 
332 : Rama Rao, 254 : Irani, Curr. Sci., 1946, 15, 229 : 
Cains & Mhaskar, loc. cit.). 

The seeds yield 19-30 Vo of a greenish yellow dry- 
ing oil, with penetrating odour and mild taste, 
and the following constants: sp. gr. J-J-, 0.9354: 

, 1.4666 : acid val., 36.1 ; sap. val., 180.5 ; iod. val., 
149.1 : acetyl val.. 22.9 : R.M. val., 1.7 ; Pol. val., 0.4 : 
Hehner val., 94.3 : and un.sapon. matter. 3.5"/.. The 
component fatty acids of the oil arc: linolenic, 10; 
linoleic, 54.7 ; oleic, 21 : palmitic. 5.6: stearic, 6.8 ; 
and lignoccric, 1.9V0. The unsaponiliahle matter 
contains i7.4',o phytosterol. The oil has been used as 
an anthelmintic j Krishna el al., Indian For. Rcc., 
N.S., 1936, l(i). I : Ghanekar cV Ayyar, /. Indian 
Inst. .Sci., 1927, lOA, 24 1. 

The leaves are used in chronic bronchitis, and for 
boils and ulcers. In Bihar, the roots and leaves are 
used in dysentery. A powder prepared from the roots 
and leaves is administered to stop haemorrhages after 
child birth and bleeding from the nose. A dye 
similar to ituligo is extracted from the leaves. The 
dowsers are eaten and also employed in blood 
diseases. The floss from the see<ls is used for 
stuffing pillows (Benthall, 310: Bressers, 90: 
Cho|)ra. 327). 

The latex from the plant contains: water and 
w'ater-soluhles, 57.0-91. i : and caoutchouc, i. 5-9.7%. 
The coagulum contains: caoutchouc, 15.0-22.8; 
resins, 74.1-82.8; and insolubles, Tw^o 

rcrtinols, Icttorcsinol-A (CanHio^o ; m.p., 227-28°) and 


lettoresinol-B (C^aH-rtOa : m.p., 136-37°) have been 
isolated from the latex (Budhiraja Beri, Indifin 
For. Leafl.y No. 70, 1944, 4 : Chowdhury & Peacock, 
/. chem. Soc., 1935, 1129). 

The wood is white when first exposed, turning 
yellowish with age ; heart wood not distinct, lustrous, 
straight- and close-grained, fine- and even-text u red, 
moderately soft and light (sp. gr., c. 0.55 ; wr., 35 lb./ 
cu. ft.). The timber seasons well without much 
difficulty and develops few end-splits and surface- 
cracks with little tendency to warping, hut is liable to 
damage by insects. Air seasoning in the log reduces 
surface cracking and kiln seasoning improves the 
colour of the timber and reduces liability to insect 
attack. 1'he wood is fairly durable under cover and 
easy to saw and machine. It is a high class turnery 
w'ood and is suitable for carving (Pearsf)n & 
Brown, IT, 728). 

The wood is used for making small articles, such 
as combs, picture frames, carved boxes, toys, spoons, 
cups and platters, bobbins, bedstead legs, paper 
knives, walking sticks, hookah stems, ploughs, heads 
and sometimes for furniture. It is a first class timber 
for slate frames. It is also suitable for pen holders, 



F.R.I., i)t‘hra Dun. Photo : K. .N. Tandi^n 


FIG. 65. HOLARRHENA ANTIDYSENTERICA— TRANSVERSE 
SECTION OF WOOD (x 10) 
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mathematical instruments, brush hacks, and spools 
and pirns for silk textiles. It has been recommended 
for cotton reels, shoe heels, and engraving and print- 
ing blocks (Pearson & Brown, IT, 728 : Trotter. 1944, 
199, 2 (k; : Rehman et al, Induni For. Lcnfl., No. 138, 

* 954 * 3 )- 

The ash from the wood is rich in potash. It con- 
tains: total solubles, 17.5: K.XX).,, 10.82: KCl, 4.2 : 
K2SO4, 2.48 ; and insolubles, 80.74%. The wood ash 
is reported to be used in Chota Nagpur for dyeing 
purposes and as a caustic to open abscesses (Mata 
Prasad &L Dange, Ifulian For. Lcafl., No. 95, 1947. » 

Benthall, 310; Rama Rao, 254). 

HOLBOELLIA Wall. (Lar(Uzah(tl<tccac) 

D.K.P., IV, 259 ; FI. Br. Ind., T, 108. 

A small genus of evergreen twining shrubs distri- 
buted in China and the Himalayas. One species, //. 
latijolui Wall. (N ki*al- ; Kumaon — Gnphlay 

^ophal ; KiiAst — mi-ran^-k'$a). occurs 
in the Himalayas, from Kumaon eastwards to 
Sikkim, Bhutan, Assam, Khasi and Jaintia hills and 
Manipur, at an elevation of 4,(xx) 9,of)o ft. Tt is a 
vigorous climber, with palmately divided leaves and 
monoecious flowers borne in axillary racemes. The 
flowers are green or greenish purple and sweet 
scented. The fruits are large, 2-4 in. long, rosy purple, 
contaitiitig many hard, black seeds embedded in 
an edible pulp. The ptilp is considered by some as 
mealy and insipid (FI. Assam, I, 61 : Kingdon-Ward, 
56 : Gamble, 28). 

'Fhis climber is well worth growing on a pergola 
for its ornamental foliage. Tt cati be easily propagated 
by seeds (Kingdon-Ward, 57). 

HOLCUS Tann. (Gramineac) 

FI. Br. Tnd., VII, 724. 

A stnall genus of annual or jterennial grasses found 
in Fiirope, Africa and temperate Asia. One species, 
//. lanalns Tann. (YoRKsiitKE Foe, VFa.VET Gras.s), 
a perennial, soft, tomentose, tufted grass, 60-90 cm. 
high, indigenous to Europe and temperate Asia, 
has become naturalised in India and is found in 
Sikkim and Darjeeling, up to about 7,000 ft. and in 
Shillong in Assam. The culms are 3-4 noded and 
bear leaves 15-25 cm. long with the .sheaths of iipix^r 
leaves inflated (FI. Assam, V, 134). 

Yorkshire fog is considered a weed, hut sometimes 
grown for hay or forage. Analysis of the grass cut in 
spring gave the following values (dry basis): crude 
protein, 12.5 ; ether extr., 4.71 : crude fibre, 16.4 ; ash, 


1 1.9: Ca. 0.57: and P, 0.22?.'.: copper (5.7 p.p.m.) 
and iodine (390 /^g./kg.) are also present. The grass 
contains a cyanogenetic glycoside. Occasionally it 
produces pru.ssic acid in sullicient amount to cause 
j)oisoning when eaten (Muenscher, 37 : Coop vt al., 
N. Z. ]. Sci. Tech., 1952-53, 34A, 507 : Iodine Con- 
tent of Foods, 114: Wehmer, 1 , 78). 

HOLIGARNA Buch.-Ham. (Anaairdutccnc) 

A small genus of trees distributed in the Indo- 
Malayan region. Seven species occur in India. Most 
of the species yield a black, vesicant, resinous juice. 

H. arnottiana Hook. f. 

I).E.P.. IV. 259 : V\. Br. Ind., II. ^6 ; Kirt. & Basu, 
PI. 280. 

Mar. — Holgeri, hihu, stidrabilo ; Tam. — Karun 
chard, kattucccram ,* Ka.v. HoUgar, hoolgcri, hola- 
geru, kalugcri ; Mai.. — C'hcra, chard, kattuchcra. 

A tall deciduous tree often with a buttressed hole, 
up to 50 ft. in length and 9 ft. in girth, found in the 
western ghats from Konkan southwards. Leaves 
alternate, cuneate-ohovate, 6-12 in. X2 -4 in., gla- 
brous : flowers minute, polygamous or uni.sexual, in 
axillary and terminal panicles ; fruit a drupe, c. i in. 
long, obrujudy oblong. 

The tree grows best on moist, deep fertile soil 
of evergreen forests. It prefers shade in the seedling 
stage bur later becf)mes light loving. Natural re- 
production takes place by .seeds which germinate 
during the early part of the rainy season. The rate 
of growth is moderately fast (Kadambi, Indian For., 
*955* *«3)- 

The wood is light grey, lustrous, straight-grained, 
coarse-textured, .soft, light (.sp. gr., 0.38 ; wt., 25 
Ib./cu. ft.), strong and elastic. It can he easily 
seasoned by green conversion and open stacking 
under cover. Salt water seasoning is also advocated. 
I'hc wood is moderately durable under cover and in 
contact with water, hut perishes in ex[)osed situa- 
tions. It is liable to develop sap stain unless properly 
seasoned and is readily attacked by insects and 
termites. It treats without difficulty with creosote. 
The timber saws and works with great ease (Kadambi, 
loc. cil. : Pearson & Brown, I, 342 44). 

The limber is used for packing ca.ses, cigar cases, 
boats, dugouts, bullock carts, match splints and match 
boxes. It is said to be good for second grade pencils 
(Pearson & Brown, I, 344 ; Kadambi, loc. cit. ; 
Rehman & Ishaq, Indian For. Leaf!., No. 66, 1954, 6). 

All parts of the tree yield a black, resinous juice 
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F,RJ., Dehra Dun, Photo : S. S. Ghosh 
FIG. W. HOLIGARNA ARNOTTIANA-TRANSVERSE SECTION 
• OF WOOD (X 10) 


whidi i.s vesicant. The juice is used as a varnish and 
for waterproofing boats and furniture. It is also used 
for fixing indelible black patterns on linen and cotton 
cloth (Bourdillon, no). 

The leaves arc used as green manure. The fruits 
are employed to bait flying foxes and {wreupines. 
The fruit and the bark are reported to possess medi- 
cinal properties (Rama Rao, loi : Kirt. & Basil, I, 672). 

H. grahamii Hook. f. 

D.E.R, IV, 260: FI. Br. Ind., IT, 37. 

Mar. - halwuli. 

Bombay — Ran hibu ; MYSOHK-Dofida-yelc-hola- 
garn, kan~kanagalu, 

A medium-sized to large tree found in the western 
ghats and parts of Deccan. Bark smooth, thin ; leaves 
12-16 in. long, oblanceolate, coriaceous, crowded at 
the ends of branches : flowers small, unisexual, in 
terminal panicles : drupe oblong-ovoid. 

The wood is grey, with dark streaks, soft and light 
(wt., c. 30 Ib./cu. ft.). It is .said to be suitable for 
matches and packing cases (Naidu, 77). 

The tree yields a black juice similar in properties 
to that obtained from H. arnottiana and is used as a 
varnish (Naidu, 77). 


H. longifolia Roxb. 

D.E.R, JV, 260 ; FI. Br. Ind., II, 37. 

Caciiar — Rofisu-buphang; Lu.shai Hills — Katebel; 
Manipur - -Kh erai. 

A tall, buttres.sed tree with spreading branches, 
found in the evergreen forests of As.sam. Bark grey, 
sm(K)th ; leaves 12 24 in. x 3-5.5 in., cuneiform-oblan- 
ceolate, acuminate, coriaceous, glabrous ; flowers 
small, unisexual or polygamous, in axillary panicles ; 
fruit a drupe, oblongish, slightly compressed, en- 
closed by calyx tube. 

The juice obtained from the bark and the rind of 
the fruit is caustic and blisters the skin, ft is also u.sed 
as a varnish and for lac(|ucr work (Badhwar ct aL, 
Indian /. agric. Sci., 1945, 15, 155). 

The wood is grey with yellowish streaks, soft and 
light (wt., 25 Ib./cu. ft.). It is u.sed for hou.se building 
and for making boats. The fruit and the bark arc 
reported to pf)ssc.ss medicinal properties (FI. A.s.sam, 

I, 337 ; Kirt. 6 c Basu, 1, 672). 

II. nigra Boiird. is a tree found in the evergreen 
forests of Travancorc. Its juice may he used as a 
varnish. The wood is greyish white, .soft, coarse and 
o|x*n-graincd (FI. Madras, 268). 

Hoilandite — .srv Manganese Ores 

Hollock — ser Terminalia 

Holly — see Ilex 

Hollyhock — sec Althaea 

Hollyhock, Trailing — see Hibiscus 

HOLMSKIOLDIA Retz. (Verbenaceae) 

D.K.R, IV, 260 ; FI. Br. Ind., IV, 596. 

A small genus of woody climbers distributed in 
Africa, Madagascar, India and Burma. 

//. sanguinca Retz. (CinNF.sE-iiAr-PLANT : Parasoi. 
Flower: Hindi — Kapni ; Dehra Dun Rithoid ; 
Kumaon — Ktdtolia ,* Nepal — Sarpattut ; Lepciia — 
Siveltachin ,* A.s.sam — Mann-kata-pind, mci-da-kyna, 
misi-nasil) is a large climbing or scrambling shrub 
with drooping branches and opposite ovate-elliptic 
leaves, found in the Himalayas from the Sutlej east- 
wards ascending up to an altitude of 5,000 ft., Assam 
and parts of Bihar. It is commonly cultivated in 
gardens throughout India for its axillary or terminal 
cymes of showy .scarlet flowers with obconic, campa- 
nulate, pctaloid. persistent calyx. The plant caji be 
grown with little care and docs best in full sunslunc. 
It is propagated by layers, cuttings or seeds and 
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F.RJ., Dehra Dun, Photo : A/. B. Raizada 
FIG. 67. HOLMSKIOLDIA SANGUINRA— FIjOWERING BRANCH 


should be closely pruned after ilowering. The plant 
is eaten by sheep and goats. The wood (wt., 43 Ih./cu. 
ft.) is light red and moderately hard (Bor & Raizada, 
143 ; Gamble, 544). 


HOLOPTELEA Planch. {Vlmacrae) 

A small genus of trees disirihiited in tropical and 
suh-tropical parts of Asia and Africa. One species 
occurs in India. 

H. integrifolia Planch. 

D.K.P., IV, 261 ; Iff, 414 : FI. Rr. Tnd., V, 481 ; Kirt. 
& Basu, PL 885. 

Sans. — Chirahilvd ; Hindi — Kanjti, papri, banchillaf 
chilhil, dhamna, begana ; Mak. — Vavli, papara ; 
Cuj. — Kanjho, waola ; Tei.. — Thapasi, nemali, peda- 
fwvili : Tam. — Aya, ayil, kancu vellaya ; Kan. — 
Tliavasai, rasbija, kaladri, fiilavahi ; Mau- AvrI; 
Oriya — Dauranja, turiida, 

Punjab — Rajain, khulen, arjan ; Kumaon — Papar, 
kanju ; M.P. — Kfiranji, chirholy karanjalam. 

Trade— Kciwju, Indian Elm, 


A large deciduous tree distributed throughout the 
greater part of India up to an altitude of 2.000 ft. 
It is sometimes grown on the road side. Bark grey, 
pustular, exfoliating in somewhat corky scales ; leaves 
elliptic-ovate, acuminate, ha.se rounded or subcordate ; 
(lowers greenish yellow, polygamous, in short racemes 
or fascicles : fruit a sul)-orhicular samara with 
membranous wing, edible ; seed Hat. The hark when 
cut and the leaves and twigs when crushed emit an 
unpleasant odour. 

//. integrifolM thrives in deep j>orous soil with good 
drainage l)ut becomes stunted and crooked on poor 
shallow^ soil. It is a moderate light demander and is 
not frost-hardy. It coppices well. The tree sheds its 
seeds during the hot .season and they germinate at 
the commencement of the rains. Protection from 
sun in early stages is beneficial. The rate of growth 
is fast, the mean annual girth increment being 1.05 
in. (Troup, III, 855-59). 

The wood is light yellow with an unpleasant odour 



F.R.I., Dehra Dun. Photo : //. G. Champion 
FIG. 68. HOLOPTELEA INTEGRIFOLIA 
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when freshly cut, lustrous, somewhat intcrlockcd- 
graiiicd, ineclium- aiul cven-texiured, moderately 
heavy (sp. gr., c. 0,63 : wt., 39-41 Ih./cii. ft.) and 
strong. There is no distinct heart wood (Pearson ^ 
Brown, If, 903-05). 

Kanju seasons well hut is liable to stain and decay. 
Green conversion and o|X*n slacking give the best 
results. The wood can he kiln-seasoned successfully 
and retains its brightness and colour. Well seasoned 
wood is fairly durable in sheltered and well- 
ventilated locations ; for use in exposed places the 
wood retjuires to he given a pressure antiseptic 
treatment. Kanju saws easily, machines well, takes 
a good j)olish and can he turned to a fair 
surface (Pearson & Brown, IT. 906 ; Trotter, 1944, 
117). '■ !*f 

The data for the comparative suitability of timber, 
expressed as percentages of the same properties of 
teak, are: wt., S5 : strength as a beam, 65 ; stiffness 
as a beam, 65 ; suitability as a |>ost, 65 : shock-resist- 
ing ability, too : retention of shape, 80 : shear, 95 ; 
and hardness, 80. It is a good fuel wood : the calorific 
value of sapwood is 5,258 cal., 9,464 B.t.u. |Limaye, 


Indifin For. Rcc., N.S., Util., 1944, 3(5), 18 ; Krishna 
& Ramaswami, Indian For. Bull., N.S., No. 79, 
1932. 18]. 

The wood on dry distillation at 375° gave the 
following products (dry basis): charcoal, 36.7 : total 
distillate (dry), 41.4: pyroligneous acid, 38.5 (wet), 
32.7 (<lry) ; tar, 8.8 ; [lilch and losses, 3.6 ; acid, 3.78 ; 
ester, 2.80 : acetone, 1.90 ; methanol, 1.27% : and gas 
at N.T.P., 1.83 cu. ft./lb. (Kedare & Tendolkar, J. 
sci. indust r. Rrs., 1953. 12B, 217). 

Kanju timber is used for brush backs and handles 
of dusting brooms, for which it is very suitable. It 
is also used for iiuloor building purposes, cheap furni- 
ture, cabinet work, carving, ploughs, yokes, carts and 
carriages, combs, shoe heels, mathematical instru- 
ments, warper bobbins for jute mills, cotton reels, 
dugout boats and for making charcoal. The wood 
is suitable for plywood, packing cases and boxes, 
slate frames, multi-ply jute bobbins, match boxes 
and splints, and paper pulp (Pearson & Brown. II, 
906; Trotter, 1944, 118, 199, 214; Rehman ct al., 
Indian For., 1954, 80, 626 : Rama Rao, 376 : Rehman 
6c Askari, Indian For., 1956, 82, 314). 

'^J'he bark may be pulped and made into hard 
boards and insulation boards. It contains: lignin, 
36.2 : cellulose, 41. i ; pentosans, 12.5 ; and ash, 6.34%. 
It is mucilaginous and used in external apjili- 
cations for rheumatism (Narayanamurti & Singh, 
Composite Wood, i9«ji;, 2, 6 : Kirt. & Basil, 

2293). 

The seeds (husk, 27.5 ; kernel, 72.5%) yield 37.4?^! 
(53.2/0 in dry kernel) of a yellow oil with the follow- 
ing characteristics: sp. gr 0.9001 ; 1.4580; 

acid val., 1.6 ; sap. val., 203.7 : iod. val. (Wij’s), 52.78 ; 
R.M. val., 0.27 : Pol. val., 0.25 : unsapon. matter, 
3.2% : and solid, pt, 13.5". The seed cake contains 
(dry basi.s): N, 10.3 ; ly.sine, 3.3 : glutamic acid, 13.0 ; 
and histidine, 1.3% {Chem. Ahstr., 1951, 45 , 7803; 
Govindarajan & Ramachandran, J. sci. industr. Res., 
1952, IIB, 477 : Krishnamachar 6c Ramachandran, 
ibid., 1954, 13B, 222, 815). 

The leaves and young fruits are eaten, though not 
relished, by livestock. Analysis of the leaves gave the 
following values (dry basis): crude protein, 13.71 ; 
ether extr., 1.86: total carbohydrates, 69.91: ash, 
14.52 : calcium, 4.25 ; and phosphorus, 0.15% ; dige.^- 
title nutrients — crude protein, 9.35 ; ether extr., 
0.49 : carbohydrates, 47.6 ; and total digestible nutri- 
ents, 57.94 lb./ too lb. (lyyar 6c Reddy, hidia^i For., 
1942, 68 , 536 ; Kchar et al, Sci. & Cult., 1957-^8, 
23, 94)- 
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HOLOSTEMMA R. Ik. {Asdcpiadacvac) 

A genus ol* twining shrubs distributed in south- 
east Asia. One s|>ccies occurs in India. 

H. annularis K. Sebum, syn. //. rheedei Wall. ; 

11. rheedianum auct., non Spreng. 

IXE.R, IV, 261 ; Ki. Ik. Ind.. IV, 21 ; Kirt. & Basil, 
PI. 624. 

Sans. — Arkapuslipi, jivatiti ; Hindi Clihirvcl ; 
Mar . — Dudurlty sliidndiy lulatidc ; Guj. — Kharncr, 
khiravcl, khirdndi ; Tv.i.. Dudipcdaligc, palagtmtgu, 
palatum ; Tam . — Palay kirai ; Mal . — Ada kodicn, 
ada 7}i()dicn. 

Santal — Apmig ; Driika Dun — Rani marwi. 

A handsome, extensive, laticil’erous twining shrub 
found in most parts of India, ascending up to an 
altitude of 6,o(K) ft. It is grown in gardens for its 
pretty flowers and may he trained over trellis work. 
Leaves opposite, ovate or triangular, acute or acumi- 
nate. deeply cordate, midrib glandular at the base ; 
(lowers in axillary umbellate cymes, purplish inside 
and silvery while or pinkish outside, fragrant, fleshy ; 
follicles thick, cylindrical, hhiiitly [K)inted. 

'The roots are reported to possess cooling, altera- 
tive, tonic and lactative properties. Made into a 
paste, they are applied in ophthalmia and orchitis ; 
they are also used in diabetes, gonorrhoea, coughs 
and stomach-ache. Analysis of the root powder gave: 
moisiure, 10.08; protein, 4.07; sugar, 24.0; starch, 
4<j.4 : lihre, 12.2 : and ash, 3.o7'’o. The ash contained; 
calcium, 5.6 ; and phosphate, 2.5% |Kirt. & Basil. Ill, 
1620 ; Nadkarni, I, 652 ; Nair cV Pillay, Bull. Res. 
lust.. Uuiv. Travaucare. 2A(i), 27 ]. 

I'he leaves, flowers and fruits are eaten as vege- 
table ; the |>lant is also eaten by cattle. Hie hark 
yields a (ihre reported to be suitable for cordage and 
paper-making. The plant exudes a latex which on 
drying yields an elastic residue (Santapau, Rcc. hul. 
Surv. India, 1953, 16, 172). 

HOLOSTEUM Linn. (Carynpliyllaceae) 

l"l. Br. Ind., I, 226. 

A small genus of herl)s distributed in the north 
temjierate regions. One species occurs in India. 

11. umhellatum Linn, is a slender, erect or ascend- 
ing annual, up to 8 inch in height, with oblanceolatc 
to elliptic, glabrous or glandular ciliate leaves and 
white or pink flowers in terminal, umbellate cymes. 
It is found in Kashmir and is said to possess refresh- 
ing and slightly demulcent properties (Caius, J. 
Bombay nat. Hist. Soc., 1936-37, 39, 564). 


Holy Grass — .see Hierochloe 

HOMALIUM Jac(|. {Sarny daccae) 

A large genus of trees and shrubs, distributed 
throughout the tropics. About .seven species occur in 
India. 

H. tomentosum Benth. 

D.K.P., IV, 262: FI. Br. Ind., II, 596; Troup, II, 
Fig. 231. 

A large (iedduotis irec u]) to 120 ft. in height and 
12 ft. in girth with a straight clean hole of 4a-6o ft., 
found in the Northern Circars and cultivated for 
ornament in other parts of India. Bark thin, smooth, 
greyish white ; leaves alternate, obovate-ohlong, 
4 6 in. long, cretiate, pubescent beneath ; flowers 
small, sub.sessile, greenish, in axillary racemes. 

H. tomentosum prefers a well drained .soil, seeds 
freely and reproduces naturally in abundance, it 
coppices well. 'I'hc mean annual girth incremetit is 
0.7 in. (Troup, II, 612). 

The wood is greyish white when first exposed, 
ageing to light greyish brown, with no distinct heart- 
wood. dull, straight-grained and even- to fine-textured. 
It is very hard, heavy (sp. gr., c. 0.933 ; wt.. 



Dchra Dun. Photo : S. S. Ghosh 
FIG. 70. HOMALIUM TOMENTOSUM-TRANSVERSE SECTION 
OF WOOD (X 10) 
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6o Ib./cii. ft.), strong and clastic (Pearson & Brown, I, 
36-38 ; Bor, 145). 

I’hc timber is difficult to .ur-scason aiul is liable 
to develop end-splits and surface cracks. Converting 
the Jogs when freshly felled and cutting the stock 
to as small dimensions as permissible, followed by 
close stacking under cover, give fairly satisfactory 
results. The timber is also not easy to kiln-season. It 
is durable, lasts well in exposed positions and is 
fairly resistant to white ants. It is difficult to saw, 
especially when seasoned, but works to a smooth 
and dense surface and takes good polish. It 
also turns well on a lathe (Pearson & Brown, I, 38 ; 
Rodger, 28). 

The data for the comparative suitability of the 
timber, expressed as percentages of the same pro- 
perties of teak, are: wt.. 135; strength as a beam, 
105 ; stiffness as a iH'am, 1 15 ; suitability as a post, 
j 10 ; shock-resisting ability, 130 ; retention of shape, * 
55: shear, 160; and hardness, 175. The timber is a 
medium fuel wood and makes good charcoal. The 



Bot. Dep.f Pres. College^ Madras 
FIG. 71. HOMAl.IUM ZEYLANICUM— FLOWERING BRANCH 


calorific value of the wood is 4,581 cal., 8,246 B.t.u. 
JLimayc, Indum For, Rec,, N.S., IJiiL, 1944, 
3(5), 18; Indian For., 1948, 74, 280; Rodger, 71; 
Krishna & Ramaswami, Indian For. Bull., No. 79, 
1932, 18]. 

The wood is used for shafts of heavy carts, harrow 
teeth, hammer handles, furniture, planking, electric 
transmission poles, masts, spars and fishing rods. It 
has been found suitable for oil well sucker rods, if 
well seasoned (Pearson & Brown, I, 38; II, 1080; 
Rotlger, 131 ; Howard, 251 ; Limaye, Indian For. 
l^eaft., No. 8, 1941, 3). 

H. zeylanicum Benth. 

D.K.P., IV, 262 ; FI. Br. Ind., II, 596. 

Kan. — Kal ; Mal.- -Manthala mukki. 

A large ornamental straight tree, up to kk) ft. in 
height, found in the western ghats from North 
Kanara southwards up to an altitude of 4,000 ft. 
Bark smooth, grey ; leaves ovate, elliptic or obovate, 
shortly acuminate, crenaie-serrate, shining; young 
leaves bright red ; flowers small, greenish white, 
fragrant, in panicles. 

I'he wootl is greyish red, ilarker in the centre, even- 
grained, hard, heavy (wt., 38-52 Ib./cu. ft.), strong 
and durable, but inclined to split. It is used for posts, 
rafters, curtain rods, shingles and building purposes 
(Gamble, 381 ; Bourdillon. 179; Lewis, 2 <k9). 

HOMALOMENA Schott [Araccac) 

A genus of herbs distributed in tropical and sub- 
tropical parts of Asia and America. Two s|>ecies 
occur in India ; a few exotics are grown in gardens. 

H. aromatica Schott syn. Calla arotnatica Roxb. 

D.K.P., IV, 263 ; FI. Br. Ind., VI, 532 ; Kirt. & Basu, 
PI. i(X)4. 

Bkng. — Kucliu gundubi. 

A rhizomatous, aromatic herb found in Assam. 
Stem short, slow growing’; leaves radical with sheath- 
ing bases, long petiolcd, sagittate-cordate, e. 1 ft. long, 
smooth ; spadices subcylindric, etjualling or longer 
than the pale greenish yellow spathes ; berries oblong, 
usually one seeded. 

The large rhizomes bearing withered leaf scales 
and numerous white rootlets are esteemed as an 
aromatic stimulant. Rhizomes arc reduced to powder 
and used in tobacco and snuff compositions. The 
whole plant is used in skin diseases. The rhizome on 
steam-distillation yields a yellow essential oil (Kirt. 
& Basu, IV, 2620; Indian Tr. J., 1953,^ 185 , 268; 
Gupta et al., Indian mcd. Gaz., 1942, 77 , 210). 
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FIG. 72. HOMALOMliNA AUOMATICA 


//. ruhcsccns K until syn. Cal la ntbcscrns Ruxh. is 
a clo.scly related sj^ies witli reddish le;ives and 
spathes, oceiirring in Sikkim and Khasi hills. It is 
also known as kucliu guuduhi in Bengal and is used 
in the same manner as H. aratualica. In Malaya, it 
is used as an arrow poison (Kirt. cV Basil, IV, 2620 ), 
The rhi/.oines and roots on steam-distillation yichl 
5% (on dry basis) of a light yellow, slightly viseous 
essential oil with pleasant odour resembling that of 
coriander. Analysis of the oil gave the following 
values: sp. gr."’", 0.8935 ; l«J«> -6.13'’: «d* ••47'y; 
acid val., 0.4 : ester val., 1.4 : carbonyl no., i i.i (cold), 
22.4 (warm) ; solubility in yo% ale., all proportions ; 
and free alcoholic content (expressed as linalool), 
75-3%- The oil consists mainly of /-linalool (6o‘X,), 
with traces of a-terpineol, I inalyl acetate and acetic 
acid. The water-soluble portion of the alcoholic 
extract yielded three crystalline acids (in.p., 300-301°, 
198-200® and 178-180°), resembling iVophthalic acid, 
w-hydroxy benzoic acid and hydroxy mesily tic acid, 
besides a small quantity (0.016% on air dry material) 


of a neutral crystalline substance (m.p., 181-182°) 
and an amorphous glycoside. The essential oil may 
be used in perfume compositions (Clicm, Ahstr., 
*953* ^ 7 , 12766, 6( x ;5). 

HOMONOIA Lour. {Euphorbia icac) 

A small genus of shrubs and small trees distributed 
from India to New Guinea. Four species occur in 
India. 

H. riparia Lour. 

D.F.R, IV. 263 : FI. Br. Ind., V. 455. 

Sans.- Pasluniabhcdaka, kshudrapashanabheda ; 
Tel. — Taniki, siridanumu : Tam. -Katlalari ; Kan. — 
Holvnagc, uirgauagilc ; Mal.-~ Kat-allari, vaiigi 
kalloor-vaiichi ; Okiya — Janda. 

KtiMAON -Kaudagar ; Nf.pai. -Khola ruis ; Lepcha 
- Mongthcbkuug : Assam — Tuipui-sulhla, hil- 
kadam, khau-zvaiug-phaug ; Gonu — Suudrh ; M.P. — 
Surra, bersi ; Bombay— SV//'///, slicrni 



Hlattcr Herbarium, Bombay 
FIG. 73. HOMONOIA RIPARIA-FLOWERING BRANCH 
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An erect rigid evergreen dioecious shrub found in 
North, East and Central India, the Deccan Peninsula 
and Andaman Islands, usually inhabiting rocky river- 
beds. Bark rough, dark grey or brown ; leaves willow- 
like, lanceolate or linear-oblong, entire or serrulate 
towards the apex, glabrous above, clothed beneath 
with small orbicular scales, aromatic ; flowers sessile, 
in axillary spikes ; capsules globose, tomentose ; seeds 
roundish, yellow brown or crimson. 

The root is laxative, diuretic and emetic. A 
decoction of the root is given in piles, stone in the 
bladder, gonorrhoea, syphilis and chest pain. In the 
Philippines, it is used as a mouth-wash for toothache 
(Kirt. Basil, III, 2273 ; Rama Rao, 372 ; Fox, 
Philipp. /. Sci, 1952, 81, 341). 

Pounded leaves and fruits arc applied as a poultice 
for skin diseases. The juice of the leaves and shoots 
is regarded as depurative and used as an application 
for hair and also as a drink in Cambodia. In Java, 
the juice of the plant is used for blackening teeth 
and making them firm. In the Philippines, the mash 
obtained by chewing leaves is rubbed on wounds 
caused by scorpion fish. In Cambodia, an infusion 
of the wood is given in malaria (Burkill, I, 1 186-87 » 
Fox, Philipp. J. Sci., 1952, 81, 336). 

Tender leaf tops are used as vegetable in the 
Philippines. The plants are grown along river banks, 
for strengthening them, in Java (Fox, Philipp. J. Sci., 
1952, 81 , 238). 

The wood is greyish brown, close-grained, 
moderately hard and heavy (wt., 40 Ib./cu. ft.). It is 
reported to. be used for the framework of goggles 
used by divers in the Philippines (Gamble, 622 ; Fox, 
Philipp. J. Sci.. 1952, 81, 280). 

Honey — see Bees 

Honey Locust, Common — see Gleditsia 
Honeysuckle — see Lonicera 
Honeysuckle, French — see Hedysarum 
Hoop Pine — sec Araucaria 

HOPEA Roxb. [Diptcrocarpaceae) 

A genus of timber trees distributed in the Indo- 
Malayan region. Some of the species yield resins and 
tannins. About 10 species occur in India. 

H. glabra Wight &C Arn. 

D.E.P., IV, 271 ; FI. Br. Ind., I, 309. 

Tam. — Kongti, karaikkongu ; Kan. — Malehegge ; 
Mal. — Ilappongu. 

A moderate-sized tree found in the ghats of Tinne- 


vclly and Travancorc. Bark blackish brown ; leaves 
lanceolate, obtuse or shortly acuminate, glabrous ; 
flowers creamy yellow, in axillary panicles ; fruit 
ovoid, winged. 

The wood is light grey or creamy brown with 
white lines at irregular intervals, intcrlocked-graincd, 
fine- and even-textured, very hard and heavy (sp. gr., 
1.05 ; wt., 67 Ib./cii. ft.). The timber, if not properly 
seasoned, develops end splits and surface cracks ; logs 
left to lie in forests for several months yield sound 
material on conversion. The timber is durable and 
immune to insect attack ; untreated sleepers gave an 
average life of 12 years or more in graveyard tests. 
The wood saws and machines well and can be finished 
to a smooth shiny surface taking a good polish. It 
is used for beams, j>osts and rafters in construction 
work and for carts (Pearson & Brown, I, 98-100 ; 
Piirushotham ct al.. Indian P'or., 1953, 79, 49, 
Fig. 2/2). 

H. odorata Roxb. 

D.E.P., IV, 271 ; FI. Br. Ind., 1 , 308. 

Tam. Urnpptippicin ; Kan. Hilitirupu. kallurala ; 
Mat.. U rappitn pasa. 

Andamans — Thingan, rimda. 

Trade — Thingan. White Thingan. 

A tree up lo 150 ft. in height and 12 ft. In girth, 
with a clean cylindrical bole up to 80 ft., found in 
Andaman Islands. It occurs sjxuadically in pure 
groups, but is not gregarious over large areas. The 
tree is sometimes cultivated in Bengal and parts of 
the western coast. Bark grey to dark brown with 
longitudinal furrows ; leaves ovate-oblong, acute or 
bluntish acuminate, entire or wavy : flowers small, 
yellowish white, fragrant, in racemes ; fruits ovoid, 
winged. 

The tree thrives on damp rich soil and stands a 
considerable amount of shade in the earlier stages. 
The fruits ripen in May-June and germinate soon 
after they fall (Troup, I, 47). 

The sap wood is pale yellow ; heart wood yellow to 
olive brown, purplish on exposure, with lustrous 
white resin canals becoming dull with age, even- 
grained, close-textured, very hard and heavy (sp. gr., 
c. 0.65 ; wt., 47 Ib./cii. ft.). It is slow drying and liable 
to surface cracking. Green conversion and stacking 
under cover have been recommended. The timber 
can be kiln-seasoned without difficulty (Rodger, 
Indian For. Bull., No. 49, 1922 ; Pearson & Brown, 

I, 101-2; Trotter, 1944, 119). 

The timber is very durable ; untreated sleepers last 
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15 years or more. The wood is immune to white ants 
but is liable to attack by borers. It is difficult to saw 
but can be finished to a good surface (Pearson & 
Brown, T, 102 ; Trotter, 1944, 119-20). 

The data for the comparative suitability of the 
timber, expressed as percentages of the same proper- 
ties of teak, are: wt.. 110; strength as a beam, 100 
stiffness as a beam, 100 ; suitability as a post, 95 
shock resisting ability. 100 ; retention of shape, 75 
shear, no; and hardness, 130 fLimaye, Indmn For. 
Rec., N.S., Util,, 1944, 3(5), 18]. 

Thingan is chiefly used for boat building, dug-outs 
and for constructional purposes. It is also used for 
carts, oil and sugarcane presses, flooring, roofing, 
jiilcs, fence posts, ploughs, brush backs, furniture, 
ships blocks, bits and capstan bars. It is a first class 
sleeper wood (Pearson & Brown, I, 103 ; Rodger, 135 ; 
Rodger, Indian For. BulL^ No. 49, 1922). 

The tree yields a resin known as Roc:k Dammar 
in commerce. The resin consists of large, yellow, 
irregular tears with slight odour and shiny fracture. 
Ir has the following characteristics: m.p., 115*^ : sap. 
val., 37.1 : acid val., 31.5 : and ash, 0.36%. It is com- 
pletely soluble in turpentine oil and partially in alco- 
hol. The resin has been classed commercially as a 
second (|iiality dammar and can be used in the pre- 
paration of varnishes for indoor decorative work. It 
is also use<l for painting pictures, caulking boats, and 
mounting microscopic objects. A composition pre- 
pared by mixing the resin with beeswax and red 
ochre is used for fastening spear and arrowheads. 
The resin has styptic pro|x?rlics and is used by the 
Burmese as an ointment for wounds and sores {Bull, 
imp, Inst., Land., 1904, 2, 23 ; Rodger, Indian For. 
Bull., No. 49, 1922 : Kirt. & Ba.su, I. 291). 

The leaves, bark and wood contain ii, 13 15 and 
10% tannin respectively and are used for tanning. 
The bark yields a supple pale leather ; the leaves have 
a softening effect and are used for finishing man- 
grove-tanned leathers. The bark is astringent and 
used as masticatory and for gums [Howes, 1953, 279 : 
Edwards ct al., Indian For. Rec., N.S., Cheni. & 
Minor For. Prod., 1952, 1(2), 152 : Kirt. & Basu, I, 
291 : Burkill, I, 1193]. 

H. parviflora Bedd. 

O.E.P., IV, 273 ; FI. Br. Ind., I, 308. 

Tam. — Kongu, vellai kongu, pongu, agil, iruiu- 
bugatn ; Kan. — Tirupu, bovige, kiralboghi, bovu- 
mara ; Mal. — Thamhagam. 

Trade — Hopea. 


A tree up to 120 ft. in height and 18 ft. in girth, with 
a clean bole of 50-60 ft., occurring in the western 
ghats from North Kanara .southwards. Bark rusty 
brown and smooth in young trees, becoming rough 
and exfoliating in older ones ; leaves ovate-oblong, c. 
3.5 in. XI. 5 in., undulate, bluntly acuminate, gla- 
brous : flower small, cream-coloured, fragrant in 
tomento.se panicles ; fruit a small nut with two straw 
coloured wings. The tree when young has a conical 
crown which becomes more rounded and dense 
with age. 

Hopea prefers a rich deep moist soil and grows 
best alongside streams and in moist valleys, but 
.sometimes thrives even on dry hard laterite. It is 
essentially a semi-shola tree recpiiring close proxi- 
mity of running water for its growth (Troup, I, 48). 

The tree reproduces freely in nature. The fruits 
ripen in May- June and germinate within a few days 
after reaching the ground. Artificially, hopea can 
be raised by sowing .seetl and transplanting the entire 
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F.R.!., Dehra Dun, Photo : S. S. Ghosh 

FIG. 7*5. lIOPb'A PARVII’LORA-THANSVERSE .SECTION 
OF WOOD (X 10) 


secillings. Tlie tree is not a heavy shade hearer, hut 
])enerus hy shade in the seedling stage. 'I'he rate of 
growth is moderately fast. In favoiiral)Ie situations 
hopea is gregarious forming nearly pure forests. 

According to the conditions of the crop, hopea 
forests are managed under selection fellings, irregular 
shelterwood fellings, improvement fellings and the 
like (Kadamhi, Indian Fnr., 1954, 80 , 390). 

Hopea has lieen reported to he affected hy honey 
combed rot caused hy Fames lamaocnsis (Murr.) 
Sacc. & Troit. and while pocket rot caused by 
Trametes spotigilnllis l^loyd (Indiatt J. agric. Sci., 
1950, 20, 107). 

The wood is reddish hrown with occasional white 
lines, turning darker with a purplish cast on ageing, 
dull, smootli, interlocked-grained, even- and fine- 
textured. It is hard, heavy (sp. gr., c. 0.70 ; wt., 58-62 
Ib./cu. ft.) and .strong (Pearson & Brown, I, 96 97). 

The timber .seasons well. It is best converted green 
to prevent borer damage and .stacked in shade to 
dry. The wood is very durable, even in contact with 
ground and water, anti is immune to white ants. Un- 
treated sleepers gave an average life of 22 years or 
more in graveyard tests. Hoj>ea timber is diificiilt to 


.saw and work, but takes a good polish (Pearson & 
Brown, I, 97 ; Kadambi, loc. cit. ; Purushotham et aL, 
Indian For., 1953, 79 , 49, Fig. 2/1). 

The data for the comparative suitability of the 
timber, exprc.ssed as percentages of the same proper- 
ties of teak, are: wt., 135 ; strength as a l)eam, 120; 
stiffne.ss as a beam, 120; suitability as a post, 120; 
shock resisting ability, 130 ; retention of shape, 65 ; 
.shear, 155 : and hardness, 200. The timber is a very 
good fuelwood ; calorific value of sapwood is 5,078 
cal., 9,141 B.t.u. (Limaye, Indian For. Rec., N.S., 
Util., 1944, Hs)* • Krishna & Ramaswami, Indian 
For. Bull., N.S., No. 79, 1932, 18]. 

The wood is much valued for construction work 
and is extensively used for house building, parts of 
.ships, boat building, piles for bridges, road rammers, 
rice pounders, platform boards, .setts, ladders, mill 
tables, and engine break blocks. Tt is also used for 
carts and carriages, railway keys, picker arms and 
for decorative woodwork and turnery. Tt has been 
used for railway sleepers and electric transmission 
poles, but- is tt)o valuable to be .so exploited. It 
is used for beaming in Kolar goldfields (Kadambi, 
loc. cit. : Pearson & Brown, I. 97 ; Trotter, 1944, 120, 
2CX), 222 ). 

The bark is considered a good tanning material, 
especially for heavy leather. Tt contains 14-28*;^ 
pyrocatechol tannins and 5 -10% non-tannins. It is 



Blatter Herbarium, Bombay 
FIG. 7«. HOPEA WIGHTIANA—FIOWERING BRANCH AND FRUITS 
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F.RJ., Dehra Dun. Photo : S. S. Ghosh 
FICf. 77. HOPFA WIGHTIANA— TRARSVIiRSE SECIION 
OF WOOD (X lOJ 


very astringent, with a slow speed of dilTusion and 
is particularly suitable for tanning in admixture with 
other tansluffs. Tanning with a mixture of 2 parts 
of hopea and 1 part of myrohalan harks produced a 
reddish brown leather of good cpiality which com- 
pared favourably with wattle-tanned leather and was 
more resistant to mould growth. The mixture is re- 
commended to the tanning industry. The high pro- 
portion of tannins to non-tannins in the hark and 
the ease with which the tannin can he extracted 
render it suitable for the manufacture of tanning 
extracts ; a solid extract containing 70% tannin and 
22.6% non-tannin has been prepared [Howes, 1953, 
279; Chem. Ahstr., 1930, 24 , 3919; Kdwards et al., 
Indian For. Rcc., N.S., Chem. & Minor For. Prod., 
1952, 1(2), 78 ; Rao et al.. Bull. cent. Loath. Res. Inst., 
Madras y 1954-55, 1(3), 5 ; Mathew & Das, ibid., 
*954*-55« Hsl 6]. 

H. wightiana Wall. 

D.E.P., IV, 273 ; FI. Br. Ind., I, 309. 

Mar. — Kavsi, kalhotii ; Tam. — Ilapongu ; Kan. — 
Nai irupxt, haiga, kalbovu, hiriboingCy unni ; Mal. — 
Pongu, 


A mmlerate to large-sized tree, with a tiuied and 
somewhat tapering stem, found in the evergreen 
forests of west coast from Konkan southwards. Bark 
smooth, exfoliating in rectangular pieces ; leaves 
oblong-lanceolate, 5-8 in. x 2-3 in., obtuse or acute, 
glabrous : flowers pinkish white, in copious axillary 
panicles : fruits ovoid, winged, crimson. 

The tree is affected by spongy heart rot or butt rot 
caused by Foxnes badlus Berk. {Indian J. agric. Sci., 
1950, 20, 107). 

The wood is reddish brown with occasional white 
lines, lustrous, irregularly interlocked-grained. fine- 
and even-textured, hard, heavy (sp. gr., c. 1.06; wt., 
62-68 Ih./cu. ft.) and strong. The timber is liable to 
surface cracking ; prf)mpt conversion immediately 
after felling has been recommended. It is fairly dura- 
ble and moderately hard to saw and work (Pearson 
& Brown, I, 93-95). 

The wood is used for beams, rafters, posts and piles 
in construction work and for cart wheels. It has been 
recommended for cabinet work, brush backs, inlay 
and turnery. It yields an excellent fuel (Pearson & 
Brown, f, 95 ; Howard, 254). 

H. racophloea Dyer and H. canarensis Hole are 
found in south western ghats. The timbers of both 
the species arc said to be useful. 

HOPPEA Willd. {Gentianaceae) 

A small gentis of berbs distributed from India to 
Philippines. Two species occur in India. 

H. dichotoma Willd. 

FI. Br. Ind., IV, too. 

A small divaricately branched herb, up fo 6 in. 
high, foiiiul almost throughout India up to an alti- 
tude of 3.i.x^> ft. Stems ({uadrangular, more or less 
winged : leaves opposite, sessile, ovate, *4 ^ '/h » 

flowers small, greenish white or pale yellow, in 2-3 
chotonious cymes ; capsules ellipsoid, i*. 2 mm. long. 

The plant is used in piles and in snake bite. The 
Miindas use the roots in epilepy (Kirt. & Basu, III, 
1658 : Bressers, 95). 

Hops — see Humulus 

HORDEUM I ^inn. {Gramineae) 

A genus of annual or perennial grasses widely 
distributed in temperate and subtropical regions of 
the world. Four species occur in India. 

The genus includes both wild and cultivated forms 
of barley. It has been divided into four sections. 
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namely, Stenostachys, Campestria, Btilhohordetim 
and Ccrmlia, of which the last mentioned, which 
includes all cultivated barleys is economically 
important. 

The classification of cultivated barleys is rather 
(t»nfiised and various suggestions have been put 
forward regarding their nomenclature and delimita- 
tion of s[>ecies, varieties or races. Karlier classifications 
were based mainly on morphological characters. 
Some of them are: variation in the fertility of 
spikclets, density of spikes (as measured by the 
length of internodes on rachis, or. number of spike- 
lets per unit length of rachis), colour and adherence 
or non-adherence of hull or husk (lemma and 
palea) to caryopsis (grain), form and size of awn 
and glume, serration of awn, character of the base of 
grain, character of rachilla and serration of veins of 
dorsal palea, atul size and hairiness of rachilla. The 
most conspicuous variation among cultivated types is 
in the fertility of spikelets. This variation forms the 
basis for the division of cultivated barleys into two 
groups, six-rowed and two-rowed. All spikelets in six- 
rowed barleys are fertile, with lemma awned or 
hooded, while in two-rowed barleys, only median 
spikelets arc fertile. However, it is not possible to 
split cultivated types on the basis of fertility of spikc- 
lets alone, since all intergradations from two-rowed to 
six-rowed types arc met with. Consecpiently cultivated 
barleys are grouped often under H. vulgare Tann., 
which is considered a cultigen embracing all the 
types (Beaven, 17-25 ; Hunter, 6-15 : Aberg & Wiebe, 
Tech, Bull, U.S, Dep, Agric., No. 907, 1946 ; Hector, 



FIG. 78. HORDEUM VULGARE : TYPES OF EARHEADS- 
2.ROWED AWNED (left) ; 6.ROWED AWNED (middlr) ; 
6-ROWED HOODED (right) 


I, 259-63 ; Hector, 5 . Afr. /. Sc/., 1932, 29 , 332 ; Hill, 
320 ; Schery, 388 ; Ames, in; Mansfield, Ziichtery 
1950, 20 , 8 ; Takahashi, Advanc, Genet., 1955, 7 , 
227). 

On the basis of studies of a large collection of barley 
types from various regions of the world, Vavilov 
suggestetl two principal centres of diversity: the first 
centre, pivoting round north-east Africa and moun- 
tainous districts of Abyssinia where two-rowed, long- 
awned, hulled types are predominant, and the second 
centre in eastern Asia, comprising China, Japan, Tibet 
and Nepal, where six-rowed, huskless, short-awned, 
awn less or hooded types are dominant. The discovery 
of a six-rowed wilcl barley, H. agriocrithon Aberg, 
from Tibet lends support to the hypothesis that the 
home of cultivated barleys is within inner Asia and 
that two-rowed types arc derived from a six-rowed 
ancestral form (Arher, 1 1 ; FI. Egypt, T, 294 ; Taka- 
hashi, loc. cit.). 

All cultivated types of barley have 7 pairs of 
chromosomes. Among wild forms, species with 7, 14 
and 21 pairs of chromosomes occur. Barley is a self- 
fertilising plant and natural crossing is very low — less 
than 0.5% in most types — being more common in 
naked than in covered types. Hybridisation of culti- 
vated barleys is more difficult than in the case of 
wheat (Smith, Bot. Ri*v., 1951, 17 , 133). 

H. vulgare Linn. (//. sativum Jessen) ; including 
//. hexastichon Linn. ; H. intermedium Kdrnickc : 
H. disticlion Linn. ; H. zeocriton I^inn. ; II. deficiens 
Stcud. ; and ^II. aegiceras, H. coeleste, II. gymno- 
distichum of Watt. Barley 

D.E.R, TV, 274; V, 128; C.P., 640; FI. Br. Ind., 
VII, 371 : Bailey, 1949, 45. 

Sans. — Yava ; Hindi — Jau, jav ; Benc. — Jah, jau ; 
M\r. Java ; Gvj. - Jau, jav, ymvah ; Tel. — Barli- 
hiyam, yavaka ; Tam. — Barliyarisi ; Kan. — Jave godhi. 

Bihak Jozvakhar ; Punjab— / flon. 

An annual erect, stout, tufted herb, 2 -4 ft. high, 
resembling wheat in habit ; leaves few, linear-lanceo- 
late, upper one close to the spike ; sheath smooth, 
striate ; ligules short, membranous ; spikes terminal, 
linear-oblong, compres.sed, 2-2^ in. long, densely 
flowered : spikclets sessile, arranged in threes on two 
sides of a flattened rachis, all fertile (6-rowed type), 
or lateral ones barren and occasionally rudimentary 
(2-rowed type) ; glumes 2, small, narrow, short-awned, 
enclosing three .spikclets ; lemma lanceolate, five- 
ribbed, tapering into a long straight or recurved 
awn ; palea a little smaller than lemma, with margins 


ns 



HORDEUM 


indexed ; lodiculcs 2 ; stamens 3 ; stigmas 2 ; fruit a 
caryopsis, elliptic, c*. 34 short-pointed, groov- 

ed on the inner face, smooth, free or adherent to 
palea or both to lemma and palea. 

Barley is one of the oldest of cultivated cereals and 
is extensively used as food and cattle feed and 
for malting, brewing and pearling. In the temperate 
regions of the northern hemisphere, it has developed 
into an important crop. The important producers of 
harley arc U.S.S.R., China, U.S.A., Canada, India 
and countries bordering the Mediterranean, which 
together contrihute more than 50% of the total world 
production. Table i gives the acreage and production 


TABLE l—ACKEAGE dL PRODUCTION OF BARI.EY IN IMPORTANT 
COUNTRIES" 

Area PriKliiclioii 

(thousand acres) (thousand tons) 


I’ountry 

1950/51- 

1954/55 

(av.) 

1955-56 

1950/51 

1954/55 

(av.) 

1955 56 

I'.S.A.t 

10,173 

14,564 

6,065 

8,598 

Canada 

7,919 

9,932 

4,893 

5,409 

Inriiat 

8,110 

8,155 

2,665 

2,721 

Eastern Eun»p<‘^ 

0,840 

6,600 

3,700 

4,500 

'I'urkcy 

5,540 

6,523 

2,751 

2,938 

MortKTo 

4,844 

4,725 

1,470 

1,181 

Spain 

3,922 

3,825 

1,878 

1,691 

Algeria 

3,1.18 

4,304 

- 800 

664 

Era lice 

2,713 

3,254 

1,915 

2,629 

Ira<] 

2,480 

2,977 

924 

756 

Iran** 

2,292 

n.a. 

983 

1,033 

Japan 

2,.197 

2,451 

2,138 

2,369 

r.K. 

2,051 

2,296 

2,150 

2,936 

Western (a'rmaiiy 

1,722 

1,925 

1,7.S4 

2,046 

Sou III Korea 

1,644 

1,861 

468 

782 

Argentina 

1,586 

2,037 

842 

936 

Australia 

1,414 

1,894 

672 

930 

Heimiark 

1,390 

1,509 

1,917 

2,165 

U.S.S.R.tt 

23,000 

30,000 

7,300 

7,000 

China** 

n.a. 

11 .a. 

n.a. 

ii.a. 


* Grain Crops, CUuiinion wealth Kcnn. Conini., I9.S7, Tables 49 
A' .SO. t Harvested for grain: area (in thousand acres) sown for 
all purposes; 1951 1955 (av.), 1 1.549 and 1955-56, 16,102. 

I Data according to Agru'*. Situat. India, 1956 -57, II, 534-557. 
^Estimate; includes Rouinania, Hungary, Bulgaria, Czecho- 
slovakia, Poland and Eastern Germany. ** Average for 4 years 
only, ft Estimate, Estimated averages for 1937-38 to 1939-40 
were 16,500 (thousand acres) and 5,700 (thousand ton.s). n.a. not 
available. 




FIG. 79. ACREAGE dc PRODUCTION OF BARLEY IN INDIA 

lav. 1953/54 • 1955,56 ; • -- U».mK) acits) 

of barley in important countries (Bell. World Croj^s, 
1949, 1, 143 ; Shands & Dickson, Eaot. Bot,, 1953, 7 , 
3 ; van Royen, I, 71). 

Barley has been cultivated since long in northern 
India. It is grown in ihc plains as well as in the hilly 
regions of the Himalayas, up to an altitude of 
14,000 ft. The hulk of the crop is concentrated in the 
Indo-Gangctic area and the adjoining tracts of 
Madhya Pratlesh. The chief producing Stales, in the 
order of imporiance, are Uttar Pradesh, Rajasthan, 
Bihar, Punjab and Madhya Pradesh. Other States pro- 
ducing barley are West Bengal, Himachal Pradesh, 
Jammu & Kashmir and Bombay. The annual aggre- 
gate area under barley is estimated at 8 million acres, 
'fable 2 gives the acreage and production of barley in 
d liferent Indian States [Agric. Marketing India, Rep. 
Marketing Barley, Marketing Ser., No. 51, 1945, 2). 

The chief producing districts of U.P. are A/.amgarh, 
Gorakhpur, Jaunpur, Allahabad, Basti, Aligarh, 
Deoria and Bulandshahr. In Bihar, the three districts 
of Champaran, Saran and Muzaffarnagar produce 
nearly half the total in the State. 

Cultivated types -Attcmj)ts have been made to 
collect and classify the numerous types of barley from 
different parts of India. Twenty-four types have been 


119 



HORDEUM 


isolated, of which live are 2-rowcd and nineteen are 
6-rowed. These types have been again siib-dividcd on 
the basis of the adherence of lemma to caryopsis, as 
husked or husklcss and also according to grain colour. 
The 6-rowcd husked types are the most widely grown 
in India and the 2-rowed types, both husked and 
huskless, are grown to a very limiteti extent ; the 
6-rowed husklcss form is rarely grown. Outside India, 
6-rowed forms of widely varying types, many of 
winter and others of spring habit, some husked and 
others huskless, arc under cultivation. In north-west 
Europe and Germany, however, where the climate is 
more temperate, 2-rowed spring forms predominate 
and these furnish barleys of high malting (piality 
(Kama Prasada, Bull. Defy. Agric., U.P., No. 43, 1926 ; 
Bose, Induin J. agric. Set., 1931, 1 , 58 ; Hunter, 33). 

Considerable work on evolving suitable types of 
barleys has been carried out in various countries. In 
India, pure line selections have been made mainly 
from indigenous materials suitable for various barley 
growing areas. So far not much breeding work has 
been done. Table 3 summarises the information on 
the selections matlc in India (Shaw & Bose, Agric. ]. 
India, 1929, 24 , 373 ; Pal, Indian J. Genet., 1957, 17 , 
148). 


Barley has been cultivated widely because 
of the existence of forms adapted to varying climatic 
and soil conditions. There are types that survive 
under extreme conditions and mature in as short a 
period as 60-70 days ; this enables their cultivation at 
high altitudes and as far north as the Arctic circle. 
Due to its ability to ripen at comparatively high tem- 
peratures the southern limit for its cultivation is 
to® N of equator. Barley is not particularly winter- 
hardy ; it is therefore grown as a spring crop in 
northern Europe : in regions with comparatively 
mild winter, e.g. Mediterranean region and India, it 
is cultivated as a winter crop. It is heat- and drought- 
resistant, and has been successfully grown in sub- 
tropical and semi-arid regions. It rctpiires during its 
period of vegetative growth an average Icmperaturc 
*5-5~*7^» preferably with sunny weather and 
moderate precipitation. Dry warm weather is favour- 
able for grain ripening. Barley does not thrive well 
in htiniKl, warm climates (vati Royen, I, 71 ; Bell, 
World Crof>s, 1949, 1 , 143 ; Shands & Dickson, Econ. 
i 953 » 3 )- 

Soil -Barley can he grown on soils which are too 
light or otherwise unsuitable for wheat ctiltivalion. 
It docs w'cll on light or sandy loam soil. It is 


TABt li i-STATt-WI.SK ACREAGE 8C PRODUCIION OI* BARLEY IN INDIA 


Area l*r(MUii“iion 

(tliousaiul .icrcs) (thousand tons) 



1951-5 

1 1952 5J 

1955-54 1954 55 

1955 56 

1951-52 

1952-55 

1955 54 

1954-55 

1955-56 

Uttar Praclc^.h 

4,661 

4,801 

5,084 

4,808 

4,815 

1,485 

1,765 

1,758 

1,714 

1,549 

Rajasthan 

764 

1.002 

1,215 

1,274 

1,559 

554 

** 550 

551 

540 

612 

IVihar 

881 

990 

1,126 

899 

778 

151 

198 

214 

192 

181 

Punjab 

799 

474 

566 

617 

497 

214 

165 

214 

215 

175 

Madhya Pradesh 

4112 

478 

575 

410 

415 

87 

167 

102 

155 

156 

West Bengal 

114 

77 

128 

107 

109 

56 

26 

56 

52 

29 

liiinaehal Pradesh 

71 

69 

75 

75 

77 

17 

12* 

15 

14 

15 

Jatiiinu & Kashmir 

50 

69 

78 

50 

50 

14 

8 

21 

14 

14 

Bombay 

50 

54 

58 

56 

56 

7 

6 

8 

9 

8 

Delhi 

18 

15 

15 

15 

12 

2 

1 

2 

1 

1 

Andhra Pradesh 

10 

5 

8 

9 

8 

1 

00 

1 

2 

1 

Mysore 

6 

7 

15 

11 

9 

2 

4 

5 

2 

2 

Orissa 

1 

1 

1 

1 

1 

(»0 

(»0 

.00 

(b) 

(b) 

Madras 

00 

1 

1 

1 

1 

(»0 

00 

(»0 

.(b) 

00 

Toiai . 

7,807 

8,021 

8,719 

8,509 

8,155 

2.550 

2,882 

2.<^)5 

2.870 

2,721 

* Agric. Situat. 

Ihdia, 

1956-57, 11, 

554 57. 

(a) Ik*1«)W 500 

acres, (b) below 500 

t(»ns. 
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1 fiiKkt-cl HuNkleini 

FUi. 80. IIOKDKUM VliLGAHK— SKRO TYPES 


Type 
N.l». 12‘ 
N.P. 13' 
N.P. 20' 
N.P. 

K. 251VV 
K. 12'^ 

T. •I".".’ 

■|\ 5".' 

C. 138-2* 
C. 144".".'» 

r. I55».® 
B.R.22‘" 


l AHl.E 3-CIlARACTERISTlCS OF IMPORTANT BARLEY TYPES SEI ECTED IN INDIA 


Characteristics 


Karly lualuriii); ; kernel hulled, light yellow, long and rather plump 
(bushel wl., 48 lb.) ; high yielding 

Alcdium maturing ; kernel hulled, light yellow, long and thin (bushel 
wt., 47 lb.); lairly resistant to mihu 

Early maturing ; kernel hulled, white, long and plump fbushel v t. 
47 Ih.) ; high yielding 

Early maturing ; kernel hulled, white, with a purplish tinge, long and 
plump (bushel ni., 45 lb.) ; fairly resistant to lodging and leaf stripe, 
susceptible to smut ;• high yielding, mtiderately good malting cpiahiy 

Early maturing ; grain lotig and plump, bright straw coloured, good 
malting quality; high yielding; suitable for unirrigated lands 

In yield eoiiipares fa\ourably with N.P.21 K.251 ; resistant to 

lodging, and smut and strijte diseases. 

Early maturing; kernel plump and heavy; husk yellowish, aleuronc 
layer amber-eolnured ; susceptible to Itidging ; high yielding, suitable 
for poor soils or late si)wing; very good for mailing and brewing 

I. ate maturing; husk brightly eolouretl ; aleuronc layer blue, kernel 
phinip, rounded, heavy ; fairly good for malting and brewing ; 
resistant to lodging; recpiires comparatively richer land and better 
water supply 

Kernel bright, amber (oloiired ; fairly resistant lo yellow rust ; high 
yielding 

Mid season niuiuring ; grains l)old and bright, suitable for malting 
and brewing ; fairly resistant to lotlgiiig, yellow rust and 
covered smut ; requires relatively less water and can thrive on 
alkali lands 

Kc.sistant to covered smut ; suitable for malting, brewing, pearling and 
powder products 

Comparatively less susceptible to covered smut ; high yiclcliiig 


Areas under cuhivaliuii or 
recoiniucnded for cultivation 

Uttar Pradesh 


Bihar, Delhi, Himachal Pradesh 
Rajasthan 

Bihiir, Dellti, Himachal Pradesh 
K' Rajasthan 

Uttar Pradesh (except western 
U.P. and Bundclkliand), Bihar 
& West Bengal 

L’ttar Pradesh & Jaipur 


Uttar Pradesh 


South eastern i^iiijal), Rajasthan. 
Delhi Himachal Pradesh 


Siuith-eastcrn Punjal). Kajasthan, 
Delhi K' Himnehal Pradesh 


Punjah 


Piinj.ali 


Punjah 


Bihar Orissa 


Mh)sc, Indian /. f/gr/c. Sri., 1931, J, 81 84 ; * Sen, Indian i"ni^, N. S., 1952 53, 2(v5). 8; ^ Pal, Indian Conn, a^ric. Res., Souvenir, 
1929 .S4, 17; ‘Shaw ct al., .4gr/c. /. India, 1930, 25, 527 ; * Ansari, Indian Fni^, 1943. 4 , 369; "Singh & Dass Cupta, Punjab 
Emr, 1953, 5(3), 19 ; M^oberl^ & Karlar Singh, 246 ;■ Ahlawat, /*:. Punjab Ftnr, 1949, 1(1), 18; ® .Irnin. Re/». Dep. Afiric., Punjah, 
1953-54, 56; '"Singh, Proc. Bihar Acad. a»ric. Set., 1955, 4 , 75; "Mehta, /IgriV. Anim. Hush., Uttar Pradesh, 1951, 2(4), .3. 
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tolerant lo alkalinity, frost and drought and is The crop recjuircs very little intercultiirc or weed- 
less exacting in its nutritive rc(purenieiits than wheal, ing. In dry areas, 2 or 3 waterings arc required after 
'J'lic highest grades of ])arley are produced in fertile, sowing. Irrigation increases the yield ; also barleys 
deep loam soils with a /d I of 7 to 8. For malting grown under irrigated conditions contain less nitro- 
harleys, the soil should not contain too much nitrogen gen than those grown tinder iinirrigaied conditions. 
(Hunter. 170: Dult iV Pugh. 302 : van Roycn, 1 , 71). In U.P., a light harrowing after the first irrigation 
Culhnc Barley is generally raised in India as a when the crop is not more than 8 in. high is reported 
raid crop, sown in Octoher-Novemher and harvested to have given \o% higher yield. Barley is grown 
hy the end (»f March or beginning of April. In generally without any special manuring [Milne et al., 
Punjab, sowing is sometimes done as late as early 8 ; Mukerji ik Agarwal, Induni J. agric. Sci., 1944, 14 , 
January. The crop is raised under both rainfed and nxj ; Indian Ftng, N.S., 1954-55, 4(4), 31]. 
irrigated ('ondi lions. About 46V.) of the total area Application of nitrogenous, phosphalic and 
under barley is irrigated (lahle 4). potassic fertili/ers in various combinations influence 

Barley is grown pure, but quite often it is grown the yield and quality of grain. Addition of nitrogen 
in mixture with gram, pea, lentil, linseed, herseem, increases yields of straw and grain ; in larger doses, 
senji, rape and mustard. In Punjab and U.P., it is it increases the protein content of grain and thereby 
sometimes grown mixed with wheat as an insurance alfects its brewing cpiality. Uniicr Indian conditions, 
against weather hazards. The area under mixed the use of nitrogenous manures in small doses (40 lb. 
barley crop is estimated at 40% of the total barley per acre) has given signiiicantly higher yields with- 
acrcage {R('F Marketing Barley , i945* 4)* aflecling the grain (piality. Phosphatic fertilizers 

I'or sowing barley, the land is preparetl in the lower the protein content considerably and influence 
same way as for wheat or oats. The seed rate varies ear formation and ripening (Hunter, 176 ; Mukerji ^ 
according as tlie crop is irrigated or not and the Agarwal, loc. cit.). 

method of sowing ; it is higher than for wheat and Lodging in barley is not so common as in wheat, 
ranges between 50 and 120 lb. per acre. Seeds arc Where it occurs, it catises considerable losses both in 
sow'n broadcast or in shallow^ furrows, about 9 in. the (juality and yield of crop. Lodging may he due 
apart, seeds being dropped through a drill. The to poor root system, weak straw, disease infec- 
depth of sowing is ^2 2 in. (Yegna Narayan Aiyer, tion, or storm damage. High soil fertility, excessive 

114: Indian /. agrk\ Sci,, 1949, 19 , 508; Roberts cY nitrogenous manure, lack of phosphate or potash in 
Karlar Singh, 125, 247), soil, high seed rate and wide row spacing may result 

TABl.b’ 4— Sl'A'IE.WI.Sn ACRbAGE OF BARLEY UNDER IRRIGATION* 



(ill tlKHisand 

aeres ; figures in bracket! 

S SIIOW 

of irrigated to total 

ciiltix.tlcd ; 

area) 


Statf 

19,50 51 

1951 5 

•2 

1952-53 


1953-54 



Irri^aled 

Tola I Irrigated 

'lot.'ll 

Irrigated 

Total 

Irrigated 

Total 

IJilar Pradesh 

2 229 

4.812 2,395 

4.661 

2,39.t 

4.801 

2,625 

5,084 


(4f...t) 

(51.3; 


(4? 8) 


(51.7) 


Rajasthan 

074 

741 697 

764 

n.;i. 

1 ,002 

903 

1,213 

(91.0) 

(91.0) 




(74.4) 


Hitiar 

I4S 

902 139 

881 

137 

990 

140 

1,126 


(10.4) 

(15.8) 


(13.8) 


(12.4) 


Punjab 

165 

544 236 

799 

242 

474 

209 

566 

(40..9 

(29..q 


(5“l.0) 


(37.0) 


Madhya Pradesh 

129 

440 l.tS 

402 

140 

478 

112 

.475 


(29..3) 

(34.4) 


(29.3) 


(29.9) 


Others 


254 82 

300 

n.a. 

276 

74 

3.55 


(2S.4‘) 

(27.3) 




(20.8) 


Totm. 

4,417 

7,693 3,685 

7,807 

n.a. 

8,021 

4,063 

8,719 


(44.4) 

(46.7) 




(46.6) 


* /l.tjnV. Siditst. Ri 

States, 1956. n.a. not 

available. 
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in weak straw. Lodging can be reduced to some 
extent by cultural practices, c.g. balancing the soil 
fertility, and by evolving strains resistant to lodging. 
Types N.P, 2t (Ihisa), K. 12 Type No. 5 and 

C. 7^4 (Punjab) are reported to be resistant to lodg- 
ing (Bose, loc. cil. : Roberts & Kartar Singh, 246 ; 
Moore, Agriculture, Loud., 1949-50, 56, 314 ; Sisler 
& Olson, Sci. Agric., 1951, 13, 177 : Mehta et fd.,Sci. & 
Cult., 1953 54, 19, 152). 

Diseases -The most widely dislribiiled disease of 
barley is covered smut, caused by Ustilago Itnrdei 
(Pers.) Lagerheim. It appears iti the barley head as 
hlack tiiasses which replace the kernel. The spore 
masses, which are covered and held together by the 
ovary wall .and glumes, are released during threshing 
and adhere to healthy seeds. Covered smut is thus 
an externally seed-borne disease. The disease is con- 
trolled by spraying fungicidal dusts, such as Ceresan, 
Sj)ergon, Agrosan, formalin dust and sulphur dust. 
Shallow sowing or irrigatioti immediately after 
sowing is reported to reduce the incidence of disease. 
In Putt jab, delayed sowing of late maturing types 
have helped in reducing infection. Moistening of 
seeds with formalin solution (i Ih. of commercial 
formalin in 40 gallons of water) for four liours has 
also proved effect ivc. Strain K 12 (U.P.), B.R. 22 
(Bihar), and C. 753, C. 144 and C. 141 (Punjab) are 
rejtorted to be resistant to covered smut (Mundkur, 

1 38 40 : Milne cl al., 8-9 ; Dutt & Pugh, 304 ; Mehta 
el al., Sci. dull., 1953 54, 19, 262 : Mishra, Proc. 
Bihar Acad, agric. Sci., 1955, 4, 150 : Atuiu. Rep. Dep. 
Agric. Punjab, u^ij-so, 54; 1951 52, 56). 

Loose smut induced by Ustilago nuda (Jens.) 
Rostr. is not so common in India as covered smut. 
It is sometimes serious in humid areas, like Gurdas- 
piir, Kangra and Ambala districts in Punjab. Infection 
usually starts with llovvers and grains arc replaced by 
loose spore masses. 'Hie spores arc air-borne and affect 
neighbouring cars. The fungus remains dormant 
inside the grains till they germinate. Thus loose smut 
is an internally seed-borne disease and seed treatment 
with surface disinfectants is of no value in control- 
ling the disease. Hot water treatment of seeds is 
effective ; seeds arc soaked for 4 6 hr. in cold water 
and then immersed in hot water at i26^F. for 15 
minutes. A simpler and e([ually effective method is 
solar heat treatment : seeds soaked in water for 4 hr 
arc exposed to sun for 7 hr. on a brick floor ; the 
method is effective when the shade temperature 
exceeds ioo®F. during summer months. In peninsular 
India, where shade temperatures rarely exceed 


kmi'^F., a variant of this treatment is reported to , 
have proved effecti\ e ; soaked seeds arc spread out 
in a thin layer on galvanized iron sheets and exposed 
to the midday sun for iJ/2-2 hr., the seeds being 
stirred once or twice to bring them into effective 
contact with the hot sheet. Soaking of seeds in water 
for 6 hr. followed by soaking in a 0.2% solution of 
Spergon for 40 hr. before planting is also reported 
to be effective (Butler, 185 ; Milne cl ah, 238-39 ; 
Vasudeva tS: Iyengar, Curr. Sci., 1950, 19, 218 ; Tyner, 
Sci. Agric., 1951, 31, 187 : Patel el ah, Curr. Sci., 1950, 
19, 324). 

Barley, like wheal, is susceptible to hlack or stem 
rust caused by Puccinia gram inis Pers. and yellow or 
stripe rust caused by P. glumarum (Schm.) Frikss. & 
Ilenn. These rusts are not transmissible to wheat 
from barley, hut they are sometimes transmitted 
from wheat to barley. Barley yellow rust is relatively 
rare in the plains of |)eninsular India. Brown or dwarf 
rust, caused by P. auomala Rostr., is very rare in this 
country. Leaf rust of wheat, cau.si*d by P. Irilicina 
Frikss.. is reported to attack seedlings of certain 
types of cultivated barley under experimental con- 
ditions : older jffanls are resistant. Compared to 
wheal, the damage to barley by rusts is less severe 
as the crop matures earlier. 

Black rust infection may start from self-sown 
plants, as als«) from summer crops in hilly areas, 
Himalayas in the north and Nilgiri and Pulnev hills 
in the south, whence spores are carried by wind and 
infect winter crops grown in the plains. 'Total sus|x*n- 
sion of barley and wheat cultivation for 5 years in the 
hills and cullivalion of alternative crops such as rye 
have been suggested for checking infection. The most 
effective merliod of checking rusts is the breeding of 
rust-resisting ty[)e.s of barley and wheal ; this is a 
tremendous task in view of the existence of several 
physiologic races of rusts. Sulphur dusting provides 
a pro|)hyIactic measure lor preventing the germina- 
tion of iiredospores, but the cost is prohibitive. 
Application of nitrogenous fertilizers tends to increase 
the susceptibility of barley to rust ; application of 
phosjffiate has the opposite effect. 'The severity of in- 
fection may he lessened by reducing the dose of 
nitrogenous fertilizer (With India -Raw Materials, 
IV, 76 : Mundkur, 161- 64 : Mehta, Sci. Afonogr. 
Indian Conn, agric. Res., No. 18. 1952 ; Proc. ytli 
Meeting, Crops Soils Wing, Bd Agric. Anim. Hush. 
India, 1950, 29 40 ; Prasada, /. Indian hot. Soc., 1947, 
26 , 213 ).* 

Powdery mildew, caused by Erysiphe graminis 
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. DC. var. hordci Marclial, is prevalent in the sub- 
montane clisiricts of North India hut is not of impor- 
tance in tlie plains. The leaves arc usually affected ; 
under certain conditions, sheaths, stems and glumes 
may also he affected. The plants become stunted and 
leaves become deformed and may be shed. Sulphur 
dusting affords control but the cost is prohibitive 
(With India — Raw Materials, IV, 72 ; Mundkur, 
119-21). 

'riircc species of Hclminlhosporium are reported to 
attack barley in India. //. sativum P.K. & B. infects 
seedlings and causes root and stem rot. The infec- 
tion may spread to older plants and extend to aerial 
j)arts including flowers. Large brown or reddish 
j)atchcs are formed on leaves, which curl up and dry. 
'i’hc organism (an live in the soil as well as in and 
upon infected grains. Barley grown year after year 
on the same plot is the worst affected, both during 
seedling and mature stages. There are several strains 
of this fungus, but the most common ones are those 
on barley and wheat, and they are capable of infect- 
ing either of the two hosts as well as several other 
grasses. Seed treatment with mercuric compounds, 
like Uspulun and Ccrcsan, have been reported to con- 
trol the disease, but it cannot be checked entirely 
by this means, as infection may occur during the 
growing season. Differential varietal resistance to 
the pathogen has been observed among Indian 
barley ty|)es and breeding of resistant types offers 
the most promising method of contnd (Mitra 
& Bose, Indian J. a^rric. Sci., 1935, 5 , 449 ; Wilson, 
132. ‘ 47 )- 

Leaf stripe disease, caused by II, gramineum 
Rabcnh., is characterised by the appearance of straw- 
coloured longitudinal stripes on leaf blades which 
soon turn brown or reddish brown. Affected leaves 
dry up and ears may not emerge from sheaths or 
may become stunted with twisted and bent awns. 
Grains arc shrivelled. Hot water treatment of seeds 
is reported to be effective in preventing disease 
manifestation. Certain types of barley, like K, 12 and 
KN. 2^2, are resistant to the disease. 

Net blotch, caused by H. teres Sacc., is harmfid to 
certain types of barley introduced from outside. The 
leaf is discoloured and net-like patches appear on it 
(Mitra & Bose, loc. cit. ; Wilson, 147 ; Mehta et ah, 
Sci. & Cult., 1953-54, 19 , 152). 

Harvest and yiVW--Thc crop becomes ready for 
harvest in about four months after sowing. The 
plants arc cither pulled out or cut with sickles and 
the sheaves stacked for about a week or more. The 


TABLE 5— AVERAGE YIELD (LB. PER ACRE) OF BARLEY IN 
DIFFERENT STATES 


State 

1952-53 

1953-54 

1954-55 

1955^6 

Rajasthan 

1,185 

980 

949 

1,023 

Punjab 

780 

847 

781 

780 

Madhya Pradesh 

782 

609 

738 

734 

Uttar Pradesh 

823 

774 

799 

721 

Bihar 

448 

426 

478 

521 

All-India 

805 

746 

774 

748 

TABLE 6— YIELD OF BARLEY (LB. PER ACRE) IN DIFFERENT 
COUNTRIES* 



1954 55 

1955-56 


Denmark 


2,990 

3,226 


United Kingdom 

2,442 

2,867 


Western Oerniany 

2,330 

2,386 


Japan 


2,274 

2,162 


France 


1,826 

1,803 


United Stares 

1,344 

1,322 


(Canada** 


1,075 

1,221 


Argent if ia 


1,266 

1,030 


Turkey** 


851 

1,008 


Australia* 


874 

1,008 


Iraq 


986 

.571 


Morocco 


776 

560 



* Grain Crops, (loininomvcalih Econ. C^otnin., 1957, Tabic 51. 
** Yield per sown acre. 


grains are threshed out by beating with slicks or 
trampling by oxen. 

The yield of barley per acre is mainly influenced 
by soil, sowing time, moisture supply and the type 
of barley grown. Barley grown on poor soils or sown 
late in the season gives lower yields. Irrigated crops 
give as much as 47 to 132% more yield than unirrigat- 
ed crops. The average yield (including irrigated and 
unirrigated crops) ranges from 468 lb. per acre in 
Bihar to 1034 lb. per acre in Rajasthan (Table 5). 
Under favourable conditions, some of the improved 
tyj)es of barley have yielded as much as 2,870 lb. 
|X'r acre {Rep. Marketing Barley, 1945, 5 ; Shaw & 
Bose, Agric, /. India, 1929, 24 , 373 ; Roberts & Kartar 
Singh, 246). 

The average yield of barley in India is exception- 
ally low as compared with that recorded in other 
countries (Table 6). The highest yield is obtained in 
the intensely cultivated areas of north-west Europe 
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and Japan, largely as a result of sowing improved 
^strains and heavy application of fertilizer. In North 
America, where cultivation is extensive rather than 
intensive and droughty conditions prevail, the 
average yield is much lower than in FAiropc (Grain 
Crops, Commonwealth Kcon. Comm.. 1955, 70-71 ; 
Hunter, 35). 

Storage Barley, like wheat, is stored in godowns 
(in bulk or in bags) or in underground pits (in bulk). 
Ta^sscs in storage may occur due to dampness, 
vermin attack and weevil infestation. Barley stored 
in godowns is less susceptible to insect attack ; also 
loss due 10 dampness is negligible in godowns with 
cement or stone-slab flooring (Rep. Marketing 
Barley, 1945, 23-24). 

Marketing Unlike wheat and rice, most of the 
barley grown in India is retained by cultivators for 
their own use. The percentage of retention by culti- 
vators is 74% of the output in the ease of barley, 
55^0 in the case of wheat and 40.5% in the case of 
rice. The highest retention (89%) is in north and cast 
Bihar where barley forms the main subsistence crop. 
Punjab barley being superior in quality and suitable 
for malting and pearling, a large part of the output 
is sent to the market. 

'riie important marketing centres for barley in 
India are Misrikh, Ilardoi, Shahjahanpur, Sitapur, 
Bulandshahr, Ilapur, Farrukhabad, Agra, Mathura 
and Chandausi in Uttar Pradesh ;• Muzaffarpur, 
Khagaria and I/tkbi Sarai, Bettiah, Chaprah, 
Nanguchia and Ililsa in Bihar ; Abohar, Rewari, 
I'arrukhnagar, Kalanwali, Bhatiiida, Barnala, Siinam. 
Patiala, Mandi and Pataudi Road in Punjab. 

Practically no grading is done in India and the 
material sold in the market is usually a mixture of 
different types grown in the area. In U.S.A., Canada, 
and other barley-producing areas in the west, the 
factors taken into account in grading are: admixture 
with other ty|>cs of barley, bushel weight or 1,000 
kernel weight, percentage of heat-damaged kernels, 
percentage of di.scased kernels, foreign matter and 
broken kernels, and moisture content ; percentage of 
germination is an additional factor taken into con- 
sideration in the grading of malting barleys. The 
bushel weights of Indian barleys (49-57 lb.) com- 
pare favourably with the figures prescribed in 
Canada for 6-rowed malting and feeding barleys 
(Rep. Marketing Barley, 1945, 27-28 ; Roberts iV 
Kartar Singh, 250). 

I'liere is hardly any export of barley from India 

at present. During the period 1923/24-1928/29, the 


TABI.K 7— UAHVKSr PRICK OF BARLEY 
(pri(c per iiuL in Ks.as.ps.) 


Year 

U.P. Punjab 

Bihar 

Rajasthan 

Lliinachal 

Pradesh 

M) 

2 6-0 1-15-0 

2- 6-0 

n.a. 

1- 7-0 

l ‘)42 t.t 

7- 2-0 7- 4-0 

6-15-0 

n.a. 

n.a. 

im 47 

8-14-0 7-4-0 

9- 7-0 

n.a. 

n.a. 

1930 31 

11-2-6 9-1-0 

19- 9-6 

14-0-0 

13 8 0 

1951-52 

10 11-0 10.5.6 

15 - 0 0 

13-0-0 

10- 8-0 

1952 35 

11-0-0* 10-5-0 

15- 7-0 

10 8-0 

14- 2-9 

1955 34 

(fi) 8- 5-0 

10-11-6 

7 8 0** 

10-14 3 

* Pn>cureinent price up !o 19 0 

32. 

(</) Deconirolleil. 

** Maximum prru ijremciit price 


n.a. not 

available. 


TABLE 8 -WIIOLIiSALE PRICE OF BARLEY 



(price per nuf 

. in Rs.as.ps.) 


Ye;ir 

U.P. Punjab 

(Kanpur) (Ludhiana) 

Bihar 

(Patna) 

Rajasthan 

(Jaipur) 

Himachal 

Pradesh 

1959 

2-9- 8 2- 5-1 1 

2 9-5 

n.a. 

7 4-0 

1942 

6-1- 6 5 10 3 

4-15-2 

n.a. 

n.a. 

1946 

12-2- 5 5 6- 2 

8- 2-8 

n.a. 

n.a. 

1930 

9*8-10* 8-11-6 

18-14 0 

10-12-0 

n.a. 

1951 

9_9* 7* 8-12- 0** 

20-10-7 

11-10-3 

136-0 

1932 

9_9- 7* 8-10- 4** 

17- 4-8 

14- 5-4t 

13-6-0 

1935 

13-1- 3 11- 1- 8 

13-13-2 

14- 5-41- 

13 0 0 

1954 

9_0_ 3 8II-0 

10- 2-3 

n.a. 

12-0-0 

1933^ 

6-9- 0 6-7-0 

8- 8-0 

7- 1.4 0 

n.a. 

1936§ 

6-4- 0 8-1-0 

8-13-0 

7-10-0 

n.a. 

* Wholesale ration rate. ** Monopoly procurement rale, 
t Retail priee. § Prices at Hapur (U.P.), Mo^j;a (Punjab) ^ 


Motihari (Bihar). n.a. not available. 


annual export averaged to i45,(kx) tons, the chief 
importing countries being U.K., (Germany, Nether- 
lands and Belgium, 'fhe export dropped to 12,200 
tons (av.) per year during the next ten years and 
practically ceased when World War II broke out. 
Some c|iiantities (about 85,o(X) tons per year valued 
at Rs. 28 lakhs) were imported during the period 
1946/47-194S/49, mainly from Australia, Argentina 
and U.S.A. Imports have practically cca.scd since 

PnVc -Prior to the outbreak of war, the average 
price of barley in different growing areas ranged 
between Rs. 2 and Rs. 2.62 per maund. The prices 
rose subsccjuently. The harvest and wholesale prices 
of barley in selected centres in India arc given in 
Tables 7 & 8, 
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IJlll.lSAriON 

Hit* hulk ol hiiricy is ground to Hour for local coii- 
suinpiion. The flour is generally mixed with wheat 
and grain flour for preparing chap/Uis ; it is seldom 
used alone. A fairly large ([uantiry of barley is used in 
the form of satin, which is made from both ripe and 
unripe grains, hy roasting and grinding into a meal. 
Satin is taken as a cooling drink, particularly in 
western U.l\. l\mjah and Rajasthan ; it is also eaten 
hy I he poorer classes in Bihar and U.P. High grade 
harley is used in malting, pearling and preparation 
of infant foods. Low grade harley is used as feed for 
livestock. 'Fhe average annual consumption of barley 
in India for various purposes has been estimated as 
follows: flour. 64: saltn, 12; livestock feeding, 22; 
mailing and pearling, r;'.- hi Europe and America, 
harley is used mainly as a feed grain ; compara- 
tively small (juantities are used for malting 
and jicarling (/^e/). Marketing Barley, 1945, 13-15, 

59 : Blanck, 429). 

Barley grain is demulcent and easily assimilable ; 
it is therefore used in the dietary of invalids and con- 
valescents. Pearl harley is the form in which it is 
commonly employed. Powdered parched grains are 
used in the form of a gruel for painful and atonic 
dyspepsia. A decoction of harley, harley water as it is 
called, is a mucilaginous drink useful in cases rccpiir- 
ing demulcent treatmeni ; it is given in feverish dis- 
orders, inflammation of the membranes of the chest, 
diarrhoea, and catarrhal di.sorders of bowels. Tt is 
especially valued in infant feeding as it prevents the 
formation of large milk curds. Barley water, with 
honey, is prescribed for bronchial coughs and, in 
conjunction with gum arabic, it is used for soothing 
irritation of the bladder and urinary passages. In 
i’arna, the ashes of the leaf are used in the prepara- 
tion of cooling sherbets. In Punjah, the ashes of 
stalks are given for indigestion (Cains, /, Bombay 
uat. Hist. Soc., 1935-36, 38 , 562 ; Wren, 27 ; Kirt. & 
Basil, TV, 2703 ; U.S.D., 1955, 1713 ; Yoiingken, 146). 

C/iefnieal composition — ^The average composition 
of Indian harley is as follows: moisture, 12.5; 
protein, 11.5: ether extr., 1.3; mineral matter, 1.5; 
lihre, 3.9 ; carbohydrates, 69.3 ; calcium, 0.03 ; and 
phosphorus, 0.23”.'. : iron, 3.7 mg./i(X) g. The compo- 
sition of different types of barley is influenced by the 
conditions of cultivation, 'Fhe ranges of values for 
different constituents are as follows (dry basis): 
nitrogenous matter, 7-14 ; ether extr., 2-3; starch, 

60 *68; pentosans, 8 12 ; cellulose, 4-5; lignin, 4; 
sucrose, 1.5-2.5 ; invert sugar, o. 1-0.5; pectin. 


0. 5 -I. o ; and ash, 2-3%. The main variations arc in 
.starch and protein contents which vary inversely 
with one another. High protein barleys arc generally 
valued for food and feeding, and starchy barleys for 
malting {Hltli Bull., No. 23, 1951, 28 ; Thorpe, 

1. fH7)- 

'f’wo-rowed haricys contain more starch than six- 
rowed types. Barley starch closely resembles wheat 
starch and is a mixture of amylosc (19%) and 
amylopectin. The free sugars present in barley are 
sucrose and raflino.se. with smaller amounts of 
glucose, fructose, maltose, glucodifructosc, and fruc- 
rosans. The sucrose is located mainly in the germ. 
I’he pentosans present arc urono-xylan, urono-ara- 
ban. and po.ssihly galacto-xylan (Thorpe, T, 647 ; 
MacWilliam & Percival, /. client. Soc., 1951, 2259 ; 
Cheni. Abslr., 1954. 48 , 5290). 

The protein content of harley varies with the type 
and the protein content of a given type is influenced 
hy soil and climatic conditions. Types grown during 
the hot dry weather mature rapidly and produce 
grain of high protein content ; those grown in mild 
humid climates mature slowly and yield grain with 
low protein content. Within a given climatic /one, 
high rainfall or irrigated conditions lower the protein 
content and increase the yield. As compared to the 
influence of environment, the varietal effect on 
protein content is not so marked (Jacobs, II, 1052). 

Barley contains four classes of protein, vi/. 
albumin, globulin, prolamin (hordein), and glutelin 
(hordenin) : free amino acids and protein inter- 
mediates are also present. The proportions of differ- 
ent proteins present in the grain (total protein, 
io, 757(.) arc as follows: albumin, 0.3; globulin (in- 
cluding proteo.se), 1.95; hordein, 4.0: and hordenin. 
4.5%. Recent studies have shown that each of the.se 
fractions consists of more than one protein. At least 
four distinct barley globulins, a-, /8-, Y- and 8-globu- 
lins, have been recognised. Hordein, which resembles 
zein, is a complex. Table 9 gives the amino acid 
make-up of barley proteins (Winton Winton, I, 
280; Pool ^ Shooter, /. Sci, Fd Agric,, 1955, 6, 514, 
524. 534 ; Folkes & Yemm, Biochem. /., 1956, 62 , 4). 

I'he biological value of the total proteins of barley 
is reported to be 64 as compared to 67 of wheat 
protein. 7 'he es.sential amino acid make-up of total 
barley proteins (calculated to 16.0 g. N) is as fol- 
low's: arginine, 4.5; histidine, 1.8 ; ly.sine, 2.4; tryp- 
tophan, i.i ; leucine, 5.5 : wolcucinc, 3.8 ; valine, 5.1 ; 
phenylalanine, 5.7 ; threonine, 3.6 ; and methionine, 
i.o g. The limiting amino acid is probably lysine 
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TABKE 9-AMlNO ACID COMPOSITION OF BARLEY PROTEINS* 



(7^ N of protein nitrogen) 



Albumin 

Globulin 

Hordein 

Hnrdenin 

Arginine 

13.0 

22.0 

6.0 

12.0 

llistidinc 

4.3 

3.1 

2.2 

4.3 

I.y^iiic 

7.0 

6.3 

0.8 

4.8 

T'yrnsinc 

2.7 

1.5 

1.6 

1.9 

rryptopliaii 

1.3 

0.65 

0.7 

1.1 

Phenylalanine 

3.0 

2.1 

3.6 

2.7 

Cystine 

1.5 

2.6 

1.5 

0.9 

Methionine. 

1.4 

0 9 

0.75 

l.t 

nirconinc 

3.4 

2.4 

1.9 

3.1 

Leucine 

5.7 

4.5 

4.6 

5.8 

Isoleueine 

4.1 

2.2 

3.6 

3.5 

Valine 

5.S 

4.1 

3,5 

4.9 

Glycine 

6.7 

10.7 

1.7 

5.2 

* Folkes A' 

Wiuni, lUiu hviu. 

I‘>56, 

62 , 4 . 



(Block Mitchell, Nntr. Ahsir, Rev,, 1946 47, 16 , 
263 ; Jac<)i)s, I, 205, 207). 

Barley hit has the lollowinj’; constants: sp. gr.[’ , 
0.9547: sap. val., 18S.4 : iod. val., 113.5; K.M. val., 
0.87 : Polenske val., 0,35 ; ester val., 159.4 ; acid val., 
29.0 : and nnsap()n. niatter, 5.4%. Tlie component 
fatty acids of tlie oil are: stearic, 2.6 ; palmitic, 7.4 : 
oleic, 26.5 : linoleic, 43.7 ; and linolcnic, 0.44%. Barley 
contains o. of phosphatidcs (mostly lecithin) with 
the following characteristics: P:N ratio, 1:1. 01 and 
fatty acids, 69.1';’,.: solid acids (mainly palmitic) 
(onstitiiie i4.S'V, of the total fatty acids and liquid 
acids (mainly linoleic), 84.670 (Wiilton Jk AVinton, I, 
2S4 ; Wiricoh, 233: Ililditch, 1956, 253). ' 

rile mineral constituents of barley grain are (dry 
basis): K., 0 , 0.6 0.9 ; NaoO, 0.1-0.3 ; CaO, 0.07-0.15 ; 
MgO. 0.2 ; IV),, 0.8- 1. 2 ; S, 0.02 ; and SiO^, 0.5 0.970 ; 
trace elements: Al, 0.7; Fe, 49; Mn, 12; Cu, 
0.2-0.6 ; and Zn, 2 3 mg./ too g. The iodine content 
of fresh Indian barley is reported to he 18 /tg./kg. 
Fresh barley contains: vit. A (71 i.ii./ 100 g.,), thiamine 
(500-650 /tg./ i(K) g.), and riboflavin (90 140 /ig./ too g.). 
Other vitamins present are: niacin (av., 7 mg./ km) g.), 
choline (96-125 mg./i(X) g.), pantothenic acid (395- 
620 /tg./ioo g.), folic acid, vir. D, and vit. K 
(1.7-2. 1 mg./i(X) g.). The vitamin E potency is lower 
than the total tocopherol content because of the pre- 
sence of the less active /^-compound in appreciable 
proportion (total tocopherols, 5.6-7. i mg./ 100 g. ; 


a-tocopherol, 107.', ; /i-loct)pherol, 6770). Barley also 
contains: phytin (1.27.,) located mostly in the husk, 
small amounts of nucleic and [ihosphoric acids, and 
porphyrin. The husk probably contains tannins 
(Thor|x*, 1 . 648 : Iodine Content of Foods, 58 : 
Sherman. 690: Nelson, 167 : Chem, 1954, 48 , 

9485 : Brown. /. Sei. Fd /Igru ., 1953, 4 , 161). 

Raw barley contains diastase, oxidases, catalase, 
peroxidase, phylase, lichenase, cytases, mannase, 
cellobiase, and mannobiase. Active proteolytic en- 
zymes appear only at the time of germination : raw 
barley contains pro enzymes (Thorpe. 1 , 648 : Weh- 
mer, I. 86-87 : Encyclopaedia Britannica. XIV, 733). 

Pearl harle\ Barley grains from which the hulls 
and outer layers have been removed by a process of 
gradual abrasion are known in the trade as Pearl 
Barley. VVell-lilled and uniformly sized grains are 
selected for processing. The bran and the alleuronc 
layer are lirst removed to give Pot Barley ; further 
abrasion removes a major part of the embryo and 
yields hard round grains or pearls. Hundred lb. of 
Itarley yield 65 lb. of pot barley and 35 lb. of pearl 
barley (Kirk & Othmer, 111 . 601-2). 

The chenucal re(|uiremenis of pearl barley and 
barley powder are given in lable 10. It contains (av.) : 
thiamine. 50 itg. : riboflavin, 10 /ig. : and nicotinic 
acid. 3 mg./ 100 g. The mineral constituents present 
are: calcium, 0.02; phosphorus, 0.181'n: iron. 
20.0 ing./kg. ; and copper, 4.0 mg. kg. Pearl barlev 
does not contain any hordein. The essential amino 
;icids present are (dry basis) ; valine. 0.60 : leucine. 
0.89 : /.voleiicine. 0.53 : threonine. 0.42 : methionine. 
0.12: lysine, 0.28: phenylalanine, 0.68: tryptophan, 
0.13: histidine. 0.21: and arginine, 0.53".. 'I'he 
absorption ratios of the dilfcient (onstituents of pearl 
barley, as determined by trials on human subjects 
are: protein, 81.15 14.95: l‘tt, 66.82+4,86; carbo- 
hydrates, 98.36 f 1.29 ; fibre, 46.6 + 4.80; and ash, 
78.32 1 2.i3*’n (Nutritional Charts, 24: Jacobs, II, 
1057; U.S.l)., 1955. 1713: Chem. /l/;.\ 7 r., 1954, 48 , 
9498). 

Flour Barley flour is produced by milling the 
grains ; it is also a by-product in pearl barley manu- 
facture. A flour of gooil (piality is obtained by milling 
pearl barley. In India, large quantities of barlev 
are ground in stone cliakkis ; only small quantities 
are milled. Barley flour is generally regarded as in- 
ferior to wheat flour for human consumption. The 
digestibility coeflicient of pressed barley is higher 
than that of pressed wheat. Barley flour is unsuitable 
for use alone in bread making as it contains little or 
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no glutcMi, and the dough does not ‘rise’ ; it can be 
used as an addition to wheat flour (up to 10-15%) for 
bread making without appreciably affecting the taste 
of bread ; it can he mixed, up to 15-257^,, with wheal 
flour for making chaf)(tli. In some flour mills, a 
mixture of barley and wheat in the required propor- 
tion is ground to give a flour (Kirk < 1 ^ Othmer, III, 
602 ; Roiierts & Kartar Singh, 252 ; Chew. Ahstr., 
1954, 48, 1 0152). 

Prior to World War II, India was annually import- 
ing approximately 1,000 tons of pearl barley and 
barley powder ; recent data relating to imports are 
not available. The imported product fetches better 
price, mainly due to the uniformity of grains {Refy. 
Markcliug Barley, 1945 . n)* 

Reed Barley is fed to stock either alone or mixed 
with other grains. It is usually crushed or ground 
to meal and mixed with other feedstuffs to give a 
balanced ration. It is relished by most stock, and is 
considered particularly useful for pigs and horses. In 
India, barley is fed to horses and to some extent 
to cattle. The digestible nutrients present in barley 
(from Mona, Punjab) are as follows (dry basis): 
crude protein, 8.97 : carbohydrates, 77.55 ; ether 
extr., 0.83; and total, 86.38 lb./ 100 lb. Barley is 
considered etpial to maize in nutritive value. Feed- 
ing trials carried out in Lyallpur show that hard 
barley contains a higher proportion of digestible pro- 
tein than oats (4.470) atid has a nutritive ratio of 9.7 
compared with 14.1 for oats (Lander, 192, 387, 447 ; 
Seti, Bull. Indian Conn, agric. Res., No. 25, 1952, 29). 

Barley plant is fed green or as hay. In some parts 
of Itidia, stalks are cut 2 or 3 times without marked 
injury to grain yield. l"or making hay, the plant is 
cut while still green after the lieads are well formed : 
the partially matured grain which is rich in protein 
adds to the feeding vahtc of the hay. The dry stalks 


TABLH 10— CHEMICAL REQUIREMENTS OF 
AND BARLEY POWDER- 

PEARL BARLEY 

([X'r (Tilt) 


Moist tire, tna\. 

12.5 

'Fotal ash (dry basis), nia\. 

1.0 

Acid iiisol, ;ish (dry basis), pnax. 

o.(b 

l*n>tcin (dry basis), inht. 

7.0 

t'.rudc fibre (dry basis), uiny. 

0.50 

Alcoholic acidily (as 

with alcohol, max. 

0.10 

MS: 1156 1957; IS: li57 1957. 



TABLE 11 — FEEDING VALUE OF BARLEY* 
(% dry wt.) 



Crude 

protein 

Fibre 

N-frec 

extr. 

Kihcr 

extr. 

Total 

ash 

CaO 

P.O, 

K,0 

(ireeii 

feed 

11.47 

51.85 

43.45 

1.86 

11.37 

0.72 

0.59 

3.98 

Stalks 

2.97 

38.59 

51.32 

1.04 

6.08 

0.46 

0.19 

1.58 

Straw 

2.21 

47.39 

41.43 

0.92 

8.05 

0.44 

0.16 

2.71 

Uarlcy 

heads 

9.S9 

20.21 

64.00 

1.11 

4.79 

0.40 

0.42 

1.07 

Grain 

11.50 

5..I9 

78.84 

1.06 

3.21 

0.25 

0.85 

0.56 

♦Sen. litill. 

Indian 

('nun. at^ric. Rr 

s.. No. 

25, 195 

2, 12, 

20. 


atid leaves ohtaitied during threshing arc also useful 
as cattle feed. Table 1 1 sutnmariscs the chemical com- 
positions of green feed, stalks, straw and heads 
(Shands & Dickson, Econ. Bot.^ *953* 7 , 3). 

The straw is used as a roughage for livestock or 
as bedding. It is also employed in making hats and 
for packing. I'he straw equals oat straw in nutri- 
tive vahte but is regarded as inferior to wheat 
straw ; it is liable to cause colic due to its being 
bearded atid spiny. Barley straw is suitable for the 
mamtfaettire of cellulose pulp ; it contains: cellulose. 
48.6; lignin, 16.4 ; and pentosan, 31.9%. It yields 
14.3% furfural (Lander, 164 ; Brady, 75 ; Mukerji, 
192 ; (batit, Fibres, 1953, 14, 285 ; Sitbba Rao, Indian 
Soafy /., 1952-53, 18, 90). 

Bahlly Mall 

Malt is the product obtained by the processing of 
germinated grains, e.g. barley, wheat, oats, ragi or 
jowar. In commerce, the term malt is generally 
applied to barley malt : malts from other grains are 
designated as wheat malt, oat malt, ragi malt or 
jowar malt. 

'I’he principal purpose of malting is to activate the 
enzyme systems of the resting grain, mainly amylo- 
lytic and proteolytic systems, and to bring about cer- 
tain desired physical and chemical changes in the 
kernel. The grains arc steeped in water and germi- 
nated under controlled conditions until the required 
“modification” is effected. Germination is stopped by 
drying and the germinated grain is then heat-cured 
in kilns until the desired colour and flavour are deve- 
loped. The essential steps in the production of malt 
are: selection of grain, grading and storage, steeping, 
germination and kilning. Two types of malts are 
prepared, depending upon their end use, namely, 
brewers’ malt and distillers’ malt. 
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Selection — Only the finest tjuality of barley with 
high gerininative capacity is used for malting. The 
malting (|iiality is usually judged by the appearance 
of the grain. Iligh class malting barley is uniform 
and plumpy with a bright yellow colour ; the skin is 
linely reticulated as evidence of complete ripeness, 
and blackened ends or musty smell arc absent. 

Brewers generally prefer barley with low nitrogen 
content and high grain weight. The weight of i,(xx) 
grains of good malting barley should not be less 
than 30 g. ; one in which the weight of i,cxx> grains 
is 50 g. is considered excellent. Among barleys of the 
same type and origin, those with low nitrogen con- 
tent are superior. Barleys used for beer making in 
dift’erent countries contain 1.2 to 2.0% nitrogen 
(British, 1.2- 1.5 ; Continental, 1.6-1.7 ; and American 
1.8-2.0V0). Punjab barley used in Indian breweries 
contains 1.8% nitrogen. 

In general. 2-rowetl barleys contain relatively low 
nitrogen and the amylolyiic activity of malts derived 
from them is less than that of malts from 6-rowcd 
varieties. Most beers in lOurope arc brewed with malt 
as the source of both amylase and starch and 2-rowed 
Ixirleys are |)referred for this purpose by brewers. 
On tlie other hand, in U.S.A. rice and corn arc added 
to malt while brewing and for this reason, a malt 
with high amylolytic activity, such as that derived 
from 6-rowed Manchurian barley, is employed. In 
India, beer is brewed almost entirely from malt 
derived from 6-rowed types. For distilled lujuors, 
malts with high amylase activity, i.e. tho.se derived 
from barleys of high nitrogen content, are in demand. 
Malls of higli diastatic activity are also used in 
bakeries and in tlie manufacture of desizing agents 
retjuired in the textile industry. 

trading and .s 7 orn/g -Selected barley is screened to 
remove broken and immature grains and foreign 
matter, graded according to size, dried and stored. 
Barley with high moisture content (14% or more) 
(leteiiorates during storage. It is therefore necessary 
to reduce the moisture level by kiln drying at 100 
i2o°K. Dried grains are stored for 6-8 weeks. 

Steeping Stored grains are stee[>cd in water (at 
50 6o°F.) for 48-70 hr. with frecpient changes of 
water and intermittent aeration. A small quantity of 
lime water is sometimes added to the first steep water 
as it improves the appearance of the finished pro- 
duct. The steep water is drained out and the grain 
(moisture content, 44-45%) germinated under con- 
trolled conditions of temperature, humidity and 
aeration. 


Germination -The steeped grain is heaped, or 
couched, on the germinating floor in a deep layer. 
Couching raises the temperature in the heap sufti- 
cicntly high to initiate the germination. After a few 
hours, the couch is broken and the grain spread to 
a depth of a few' inches and a tem[K*rature of 55-6o°F. 
is maintained during germination. The loss of 
moisture is replenished by sprinkling water. The 
malt is turned over at intervals to keep the moi.sture 
and temperature uniform, to aerate the grain and 
allow the carbon dioxide to escape. The germination 
is arrested after 7-8 tlays when rootlets develop and 
the acrospire or plumule grows under the hull of the 
grain. 

Kilnitig 'fhe green malt is air-dried for 1-2 days 
by stacking in a heap and thereafter kiln-dried to 
arrest further germination without destroying the 
enzymic activity. The moisture content is brought 
down to about 6% by gradually raising the tempera- 
ture to ijo'^F. during 2-3 days and then rapidly to 
190-215^, according to the purpose for which the 
malt is retjuired. 'Thus for pale ale. the temjHuature 
is raised to 190-95*^ F. and maintained at that tem- 
perature for 6 8 hr. : the temjx'rature is a little higher 
(205- 15° F.) when the malt is required for brewing 
port and stout. The malt so obtained has the desired 
flavour and aroma, and the moisture content is 
reduced to about 4V0. The malt is stored, after remov- 
ing the rootlets, in air-tight containers. Storing for 
2-4 months improves the (juality of malt for brewing 
purposes. The characteristics of brewers’ malts are 
summarised in Table 12. 

Imr the production of tlisiillers’ malt, the seeds 
are germinated at a relatively high moisture level and 
dricfl under milder conditions, the object being to 
obtain a malt of high amylase activity. Distillers’ 


TABl.E 12-CHARACTERI.STICS OF BREWERS’ MAI TS» 
British malts 



Pale 

malt 

Mild 

ale 

malt 

Amber 

malt 

(Califor- 

nian 

malt 

Moisture 

2.4 

2.3 

2.0 

2.0 

Extrac t (Ih. Ib.) 

‘>7 


‘M 

8H 

Di.’istatic |Kj\ver 
(Lintiier) 

J5 

23 

14 

.44 

C>)lour (degree) 

4 

7 

20 

3 

(!old water 
extr. (%) 

20 

20 

21 

17 


♦ Allen, I, 182. 
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malt has comparatively less llavoiir and aroma than 
hrevvers’ mall. Special malts, e.g. high-dried, dexlrin, 
caramel, and black malts, are prepared for s|)ccific 
uses, riiey are characterised hy intense flavour and 
colour and are obtained hy germinating steeped grain 
at relatively high moisture levels and kilning at high 
temperatures. 

Clirtnicdl c/mnges duruig infiltiug 'fbe chemical 
ihanges in the grain during malting are brought 
ahr)ut hy .several en/ymes, such as the cytases, pro- 
teases atid atnylases, clahorated or activated during 
germination, jirimarily in the epithelial layer of the 
scutellum. Table 13 shows the changes in composition 
of barley grain due to tnalting. The total loss in 
weight, as a result of the malting process, is 15 25*;*.,. 

'I1ie cytases, consisting of several enzymes, are 
activated early during the germination. They act on 
cell walls and render the endosperm permeable to 
other enzymes. Pentosans or pentoses are rendered 
soluble hy the action of cytases and an increase in 
these compounds is an index of the degree of 
modification. 

'J1ie proteolytic en/ymes appear only during 
germination and include a proteinase and at least two 
[leptida.ses. 'They act on the protein matter of the 
grain and solubilize 25 30 'V, ot‘ the total protein. 'The 
soluble products— amino acids, peptides, etc.— furnish 
the nutrients lor yeast during brewing ; they are 
al.so responsible for giving hodv, foam retention |)ro- 
periics, and character to the beer. 

1 he amylolytic system comprises two major en- 
zymes. namely, and /^-amylases. Ouring germina- 
lion, most ol the /j-amylase which occurs in a hound 

TABI li n-COMPO.SI TION Ol l YlMCAI. BAHI.hYS 8C MAia.S- 
( dry mailer) 


rowed li.'irK v 

^ — _w.V ^ 

Six -rowed 

l>arlc\ 

Bnrky Mali 

liarlcv 

Malt 


Siart li 

t)l.()^ 

1 b 

.S4.0.S 

.S0.6.> 

Prouins, iiiMd. 

4.74 


6.96 

5.2.4 

Proic'ins, sol. 

2..S4 

4.01 

2.14 

.1.47 

Mijj;ars 


4.40 

0.67 

3.S4 

Sue rose 

1 .OV 

6.49 

2..U 

7.IS 

lat 

2..SI 

1 .99 

1 .99 

1.94 

Fibre 

4.99 

.x71 

7.86 

8.41 

Ash 

2.82 

2.ro 

2.76 

2.46 


* Alien, r, 172. 


form in the raw grain is liberated and the a-amylase is 
elaborated. The amylases diffuse from the scutellum 
into the endosperm and hydrolyse a part of the 
starch to soluble sugars. Only 8-10% of the starch is 
converted into fermentable sugars during malting ; 
the major part of the conversion takes pace during 
the mashing process. 

Other enzyme systems involved in the malting pro- 
cess are desmolases, carhohydrases, esterases inchuling 
lipase and phosphatase, and oxidases including 
peroxidase, phenolase and catalase (Thorpe, 11 , 87- 
i)i : Kirk & Othincr, VIII. 705 -15 : 'rauher, 63, 327 -34 ; 
Hunter, World Crops, 1950. 2 , 407 ; Wright, ibid., 
1950. 2 , 451 : Bishop, ibid., 1950, 2 , 492 : Roberts 
Kartar Singh. 251 : 'rhom.son, Ciicm. & hid., 1953. 
1 12; Preece, ibid., 1953. 160: Shands & Dick.soix 
tlcon. Bot., 1953, 7 , 3 : 1954. 8, 106). 

Uses — About 80% of the malt produced in U.S.A. 
is utilised for beer manufacture : a small portion is 
utilised for the manufacture of industrial alcohol and 
whisky. Other uses of malt include: textile desiz- 
ing agents, pharmaceutical preparations, breakfast 
cereals, malted milk concentrates, infant foods, 
bakery products and candies. Malt Hour is used as an 
amylolytic supplement in wheat flour milling. In 
India, malt is utilised almost entirely for the produc- 
tion of beer and whisky (Kirk cV Othmer. VI II, 
716-17 ; Blanck, 432 : Rrp. Marketing Barlc\, 1945. 
12 : With India — Industrial Products. I. 136). 

Malt extract, prepared hy mashing malt and con- 
evntrating the mash licjiior to a syriij). has nutritive 
and laxative jiropertics. It contains maltose (45 55'..) 
with small i|uantities of dexlrin, glucose and other 
carbohydrates, proteins and amylolytic en/vmes. 
Malt extract is ea.sily a.ssimilahle and is pre.scrihed as 
a re.storaiive in debilities of all kinds, particularly 
when the digestion is weak. In certain types of 
dyspepsia, it is employed to increase the digestion of 
starches. Malt extract is used as a vehicle for the 
administration ol liver oils, cascara sagrada, creosote 
and salts of iron. Dry malt extract pos.sessing high 
diastalic power is an ingredient of many dry pliartna- 
ceutical preparations (B.P.C., 1949, 339 : U.vS.D., 1955, 
781 ; Martindale, I, 695). 

Special malts are ii.sed primarily for their colour 
and flavour. They posse.ss little amylase activity, hut 
contain considerable amounts of dextrins and sugars. 
They are used as additions to brewers’ malt in the 
manufacture of dark ])eers. They are used in coffee 
siihslitutes and other flavoured products (Kirk & 
Othmer, VI 11 , 717). 
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The by-products of the malt industry are of minor 
importance. Screenings and kernels too small for 
mailing arc used as feed. Barley rootlets (malt 
sprouts), forming 3-5% of the weight of grain, are 
ricli in proteins and are used in dairy feeds : they arc 
used to a limited extent as a medium in industrial 
fermentations. The rootlets contain (av. values): 
inoisture, 7.06; proteins, 27.17: fat, 2.40: and fibre, 
1 1. 89 Vo. Deteriorated sprouts arc used as fertilizer: 
they contain : nitrogen, 4-5 ; phosphorus (PaD-,), i -2 : 
and potash, 2-2.5Vn (Kirk Othmer, VIII. 714: 
Winion 6c Winton, I, 291 ; Bruttini, 234). 

hiduni industry — Malt is produced by breweries in 
India primarily for making beer and whisky : small 
(jiiantities are sold to l\'ikeries. Mall extract and other 
malt [)roducts are not manufactured on a commercial 
scale. Data relating to the (juantity of barley con- 
sumed in the Indian brewery industry at present are 
not available. It is stated that the annual ret|uirenients 
of Solan Brewery in Simla Hills vary from 30,000 to 
40,000 md. of barley obtained mostly from (hirgaon 
and kVrozepore districts in Punjab (Rep. Markeling 
Barley, 1945, 33- Information from Messrs Dyer 

Meakin Brezeeries Ltd., Solan). 

Indian breweries have long been using barley from 
the south-eastern districts of Punjab: this being 
regarded as the only suitable Indian barley for malt- 
ing. Recent investigations have shown that malting 
types are grown in other areas in India, especially in 
U.P. The nitrogen content of U.P. barleys varies 


TABLIi 14 -COMPOSinON Ot PUNJAB BARI.EY & MAI.T^ 



'PwO' rowed 
barley 

Six -rowed 
barley 

MARI.KY: 



M<iislure ( 

lO.I 10.8 

10.0-10,8 

1,000 grain wl. (g.) 

.t.S.6 ,\b2 

26..t 44.7 

Niirogen on drv wl.) 

\.SS\ 1.910 

1.17.S 2.07.S 

MAi;r: 



Moi.stnrc (" 0 ) 

1.48 2.16 

1.64 2.26 

Kxiraci (lb. /quarter of 
.W lb.) 

96..S 100.8 

87.4 100.9 


from 1.30 to 1. 47 Vo. A large number of Punjab bar- 
leys have been tested at the Institute of Brewing. 
London : the malls obtained from some of the 
2-rowed barleys, have been found to be comparable 
to the best English malts. Also, the majority of 
6-rowed barleys were found suitable for malting: 
they gave high values lor brewers* extract and low 
mailing loss, lable 14 summarises the (‘omposition 
of Punjab barleys and malts (Rt'p. Alarketin^ Barley, 
1945. 9: Maya Das. Indian 1942, .3, 49S ; 

Indian J. agrie. Sci., 1932. 2, 86). 

Hornstone — see Quartz 

Horse Bean — .see Canavalia 

Horsegram — see Dolichos 

Horseradish — see Cochlearia 

Horseradish Tree — .see Moringa 

Horses — .s^'e Livestock 

Horsetails — stv Equisetum 

HORSFIELDIA Willd. (Myrisluaceae) 

A large genus of trees distributed in tropical Asia 
and Mew (hiinea. Three species are recorded in India. 

H. amygdalina (Wall.) Warb. syn. Myrisiica ^//uyg- 
daiina Wall. 

FI. Br. Ind., V. 106: King. Ann. R. hnl. Gdns 
Calcutta, 1891, 3, 300, PI. 128. 

Khasi Dieufr-sah-jodao, dieng-jadyntep ; Haho 
— Bidchok-pok ; Mikik — Dettakaron^, pratialan^- 
arojifr ; NMi.v -Chinir-lianfr-pai. 

A tall, glabrous tree, c. 65 ft. high, found in 
Sibsagar, Cachar, North Clachar hills. lAishai hills. 
Goalpara, (iaro hills and the fcH)t of Khasi hills. 
Leaves aromatic, 4.0-10.5 in. long and 1.0 -4.0 in. 
broad, entire, elliptic to elliptic-lanceolate or obtuse, 
glabrous, shining above : llowers unisexual : fruits 
obscurely trigonous, ovoid, 1. 3-2.0 in. long : seeds 
oblong-cylindric. 0.8 in. long with a thin, fleshy, 
yellowish aril. The seed and the aril are said to be 
eaten (FI. Assam, IV, 44). 


Oiastatir power (laiiincr) .U..S 

C:oIoiir 4.0 

Cold water extr. (*',,) 17.1 

Soluble nilrogcii 

oil dry wl.) 0.488 

* Indian J. ai^ric. Sci., lO.t^, 2, S6. 


I7.,s .S9.0 H. irya (Gaerin.) Warb. syn. Myrisiica irya Gaertn. 
.t..s II.5 D.E.P., V, 314: FI. Br. Ind., V, 109: King, Ann. 
17.2 29.7 Calcutta, 1891, 3, 308, PI. 141. 

Andamans — Chnagluni, niulzvinda. 
o ..^45 0.607 A tall evergreen tree, 60 100 It. high and 4-8 It. 

in girth, with greyish brown, somewhat flaky bark : 
leaves 4-15 in. long and 1.3-4 0 in. broad, lanceolate 
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or oblong-lanceolate ; flowers fragrant, very small, 
yellowish, in axillary compound panicles ; fruits 
almost globose, about i in. across with flame-red aril 
completely enclosing the seed. 

The tree is common in Andaman Islands in damp 
localities bordering mangrove creeks, but not in 
places reached by the sea. It is usually found in .asso- 
ciation with Barringtonia racemosa and Calophyllutu 
spcctahilc. It flowers in December-February and fruits 
during the rainy season (Parkinson, 224). 

'Fhe wood is light (wt., 37 Ib./cu. ft.), straight- 
grained, even- and metlium- coarse-textured, lustrous, 
light red to reddish brown or light brown in colour, 
and moderately durable under cova'r. It seasons 
readily, works well under tools and takes a good 
|X)lish. 'File timber is often confused with that of 
Tcrniituilut manii. When cut on the quarter, it 
presents a fair silver grain. It can be classed as a 
superior packing case wood. It was once used for tea 
boxes in Ck'ylon (Pearson & Brown, II, 818-20 : Lewis, 
322 ; Macmillan, 215). 

'Fhe seeds contain an oleo-resin (c. 42% on dry wt.) 
which is reported to be used for making candles. A 
decoction of the bark is used by the Malays as a 



h\R.l., Dehra Dun. Photo : S. S. Ghosh 

I IG. 81. HORSFIELDIA IRYA-TRANSVERSE SECTION 
OF WOOD (X 10) 


gargle for sore throat. The flowers may be used as 
perfume (Burkill, I, 1198). 

H. kingii (Hook, f.) Warb. syn. Myristica kingii 
Hook. f. 

FI. Br. Ind., V, 106: King. Ann. R. hot. Gdns 
Calcutta. 1891. 3 , 300, PI. 127. 

Assam— A mol ; LvsiiM-Siltui ; Caro -Bolong, 
bolouclii ; Nepal — Runchepot. ratngima ; Lepciia — 
Kao'ul-kung, donglukung. 

A tall tree. c. 60 ft. high, found in Sikkim Hima- 
layas up to an elevation of 4,cx)o ft., throughout 
Assam except Khasi hills, and in northern Bengal. 
I<.caves 6-10 in. long, ellipfic-obovate or oblanceolate, 
glabrous ; fruits 1.5 in. long, with aril completely 
enveloping the ovoid smooth seed. The fruit is edible, 
but is reported to cause intoxication. The seed is used 
as a substitute for a recan ut. The bark on incision 
(just after the rains) yields a red juice in great abun- 
dance which is dried and used as a substitute for 
Malabar kino (from Pterocarpus 7uar.^iipiuni). It con- 
tains 30.2% tannin and is considered useful for mouth 
sores (Cowan Cowan, 105 ; FI. Assam, IV, 43 : 
Hooix*!*, Agric. Ledger, iqrxx No. 5, 46 ; 1902, No. i. 

HOUTTUYNIA Thunb. (Saimiraceae) 

FI. Br. Ind., V, 78 : FI. Malesiana, Scr. I, 4 (2), 47, 

A monoty|)ic genus found in temperate regions, 
from the Himalayas to Indo-China, China, Formosa 
and Japan. 

//. cordata Thunb., a perennial pungent herb, 
with copiously branching and creeping rootstock 
(up to 3 ft. long) and erect stems up to 3 ft. 
high, is found throughout the subtropical Himalayas, 
from Punjab to Sikkim and also in Assam, 
Khasi hills and Manipur up to 6,000 ft. It bears 
broadly ovate-cordate leaves and small naked flowers 
in spikes, subtended by four white petaloid bracts. 

H. cordata is a hardy plant growing in shallow 
water or moist loamy soil along ditches. It can be 
propagated by division or from seed. The seeds are 
parthcnogenetically developed (Chittenden, II, 1015). 

In Assam, China and Japan, the rhizome is report- 
ed to be eaten as vegetable, raw or cooked. In Japan, 
the rhizomes are dug out in September-October, dried 
in shade and stored in air-tight boxes after removing 
dust and fibrous rootlets. They are said to be sweet 
and are eaten after cooking with rice, sweet potato 
or beans. They are also reported to be used in 
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medicinal preparations prescribed for certain diseases 
of women. They are given to horses during the breed- 
ing season. In Indo-China, the entire plant is consi- 
dered cooling, resolvent and emmenagogue. The 
leaves are recommended for measles, dysentery and 
gonorrhoea, and used in the treatment of eye 
troubles, skin diseases and hemorrhoids. In China, 
the plant is considered useful for indigestion ; it is 
applied as a plaster on injured parts to promote bone 
growth. The root extract is reported to possess 
diuretic action, attributable to the presence of (pier- 
citrin and inorganic salts, like potassium chloride and 
potassium sulphate. An active principle effective in 
I he treatment of stomach ulcers has also been isolated 
from the plant. A sterol, resembling sitosterol and 
isolated from the rhizomes, stimulated the secretion 
of antibiotic substances from a Gram-positive, spore 
forming bacillus. An aliphatic ^-kctoaldehyde isolat- 
ed from the rhizomes inhibits the germination of 
seeds of higher plants (FI. Assam, IV, 31 ; Takcnaka 
Yukie, /. Ja[). Bol., 1930, 7 , 54; Crevost & Petelot, 
BtilL cam, Indoch., 1934, 37 , 740 ; Yashiroda, Gdnrs' 
Chron., Ser. Ill, 1930, 88, 362 : i93i» 89 , 251 ; Warabi, 
Honzo, 1934, 24 , 65 ; Chien Pei, Bot, Bull, Acad, 
siuica, 1947, 1, III ; Cheo, ibid., 1947, 1, 298 ; Chem, 
Ahstr,, 1950, 44 , 11030; 1951, 45 , 5759; 1952, 46 , 
7716 ; Japan Sci. Rcv„ Biol, Sci,, 1953, No. 4, 143). 

The crushed leaves of the plant have a fishy or 
fleshy odour. On steam-distillation, the plant yields a 
light brown essential oil with a strong, somewhat dis- 
agreeable odour ; it has the following characteristics : 
sj). 0.8744 : K' ’ >-4685 ; Wo. -5“ : val.. 

16.65: .sap. val., 28.40. The oil contains: methyl-«- 
nonyl ketone (m.p. of .semicarhazonc 122”), an ali- 
phatic terpene (probably myrccne), a cyclic terpenc 
and a solid acid (FI. Malesiana, loc. cit. : /. Soc, 
client, Ind,, Loud,, 1921, 40 A, 560). 

HOVENIA Thunl). [Rhamnaccac) 

A monotypic genus of unarmed trees distri- 
buted in China, Japan and the hills of northern 
India. 

H. dulcis Thunh. [apank.sk Raisin Trek, The 
Coral Trek. 

n.E.P., IV, 301 ; FI. Rr. Ind., I, 640. 

Hindi — Sicka, 

PiJ.NjAB — Cliamhun ; Assam — Cliclia-hola ; Nep.vl 

-Bangikath ; Lkpciia — Stingree-kimg, 

A medium or large-sized deciduous tree, up to 100 
ft. high and ii ft. in girth, found throughout the 


sub-Himalaya n tract, from Chamba to Bhutan, up 
to an elevation of (^,^00 ft. and in North Bengal, 
Assam and Khasi and Garo hills. The hark of young 
trees is smooth, pale ashy rir whitish ; that of old 
trees pale brown, rough, with deep and regular verti- 
cal fissures : leaves 4 6 in. long and 2 3 in. broad, 
ovate, acuminate, glahrascent above and hairy on 
nerves beneath : (lowers greenish white, in pedun- 
culate, many-ttowered axillary or terminal cymes : 
fruits 0.3 in. diam., globose, succulent, obscurely 
3-lobed, becoming embedded when ripe in the 
fleshy, swollen peduncle. 

The tree is found usually in moist shady places, 
often bordering streams. In North Bengal, il grows 
best above 2,000 ft., in jhoras and valleys with good 
soil. In China and Japan, it is extensively cultivated 
for its ornamental foliage and edible fleshy |Kdun- 
cles. In Russia, it has been found to thrive well under 
humid sub-troj)ical conditions. In North India, the 
tree flowers in May June and fruits ripen in Octo- 
ber-Jantiary. It is easily propagated by .seeds or root 
cuttings or cuttings of rii)ened wood : seeds can be 
collected in January and sown in nurseries soon after 
collection. Seedlings are hardy and easy to handle 
and thrive well when trans[)lantcd before rains 
(Osmaston, 108 : Cowan & Cowan, 37 ; Rozanov, 
Bull, appl, Bot, Pl.Srccd., 1935, Ser. XI, 2 , pt i. 
33-152 : Macalpine, Mem. Tocklai exp. Sta., No. 24, 
*952- 77 )- 

The tree is much esteemed in China and Japan for 
its edible peduncles, which are sweet and fleshy and 
taste like ripe pears. The sweetness is due to the pre- 
sence of glucose (11.14“,.). fructose (4.74“o), and 
sucrose (12.597:.). The fruit extract contains pota.s- 
sium nitrate and potassium malate and is strongly 
diuretic. In C^hina, dried peduncles are used medi- 
cinally. Seeds are also used for relieving intoxication 
due to wine (Burkill, 1 , i2(x) : Chcni. Abslr,, 1950, 
44 , 9014 : 1936, 30 , 8389 ; C^heo, Bot, Bull, Acad, 
siuica, 1949, 3 , 136). 

The wood of the tree is dull white, light and 
porotis. It is not used, except as fuel. In the lower 
hill forests of As.sam and North Bengal, where it 
occurs in good proportion, it is considered to be a fair 
timber (FI. Assam, I, 283 : Macalpine, loc. cit.). 

HOYA R. Br. (A.sclcpiadaceac) 

A large genus of ornamental herbs and shrubs, 
sometimes epiphytic, distributed in tropical and sub- 
tropical Asia and Australia. About 32 .sjKxies oicur 
in India. 
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H. multiflora Bliimc 

FI. Hr. Uul, IV, 52. 

An erect e[)i|)hyric shriil), recorded from Naga 
hills in Assam. Leaves 4-(; in. x 1-2.5 oi^long fo 
ohlanceolale, coriaceous, gla])rous ; flowers orange- 
coloured, in umhellate cymes : follicles 7-8 in. long, 
slender : seeds narrow, winged. 

I’he juice of the plant is reported to possess diure- 
tic proj>erties ; pounded leaves are used, in Java, as 
einhrocation in rheumatism (Burkill, I, 1202). 

H. pendula Wight, non Wight & Arn. — H. iconum 
Santapau 

D.K.P.. IV. 502 : I'l. Br. Ind., IV, 61. 

.A slender, fleshy, twining epiphyte found through- 
out the greater part nf the Deccan Peninsula. Leaves 




/to/, nvp., Pres. Madras 

I IG. 8?. HlKiONlA MY.STAX 

1.5 5 in. long, oblong to elliptic-lanceolate, thick: 
flowers white, waxy, in peiululous clusters. 

The plant is emetic and alexipharmic. It is also 
said to yield a useful fibre (Rama Rao, 264). 

A number of floya sjxcies are grown in Indian 
gardens for their umbellate clusters of handsome 
waxy flowers. They love shade and good drainage 
and are useful for covering tree trunks, pillars, trellis, 
etc. Propagation is easily done by cuttings or by 
leaves half buried (with stalks down) in fine sand. 
The most commonly cultivated species is H, caniosa 
R. Br. (CoM.MON Wax Plant), a vigorously growing 
climlnn* with thick, oval, rich deep green leaves and 
delicate, flesh-coloured flowers in compact clusters. 
The stems and leaves of this species contain a sterol 
glucoside. hoy in (0.76 Vi in leaves : 0.832 Vi in a mix- 
ture of 2/3 leaves and 1/3 stems) (Firminger, 449; 


134 


HUMULUS 


Gopalaswaiuiengar, Chnti. Ahsir.. 33 , 

807). 

HUGONIA I Ann, (lAuaccav) 

A genus of- climbing slinil)s distribured in ibe tro- 
pics of tlie Old World. Two species occur in India. 

H. mystax Linn. 

D.E.P., IV, 302 : VI Rr. Ind., 1 , 413 ; Kirt. & Basil, 
I’l- '65. 

Tki.. — Kakihini, pisn)iiri ; Tam. — /I gori, motirak- 
kanni ; Kan. Mal. - Modirakkani ; Okiya - 
Chulijinka, 

A toinenrose, rambling shrub climbing by means 
of opposite circinate books, found throughout the 
greater pari of the Deccan Peninsula. Leaves crowd- 
ed, shortly petioled, elliptic- or oblong-obovate, 1.5-3 
in. long, mostly glabrous : Howers yellow, terminal 
and in the upper axils ; drupes globose, c. 1 cm. in 
diam., 2 or 3 seeded. 

The hruised root is apjilied to inllammatory swell- 
ings. The root powder is administered as an anthel- 
mintic and febrifuge. The yellow root bark is aroma- 
tic and is employed as an antidote to poisons (Kirt. 
iV Basil, I, 413). 

HUMBOLDTIA Vahl (Lr^innlfiosae) 

A small genus of trees and shrubs, <listribute<l in 
India, Ceylon and tropical Africa. Six species occur 
in India. 

H. vahliana Wight 

V\, Br. Ind., II, 27^. 

Tam. /Irntvfifici, nin'am lii, titlircmiji : Mal. — 
Karalthu /iV//v/-/^o//g//, kKrappuinm. 

A moderate-si/ed tree found in south western 
ghats. Bark dark brown mottled with white : leaves 
jiinnate: leaflets oblong-lanceolate, acuminate: 

llowers white with biilT coloured calyx, in racemes ; 
pods almost woody, 6.0 in. x 1.5 in., pointed at both 
ends. 

The bark is used in biliousness, leprosy, ulcers and 
epilepsy (Kirt. ^ Basu, 11 . 8yi). 

The wood is light brown, inoderatelv bard and 
heavy (wt., 33-40 Ih./cii. ft.). It is used as fuel : it is 
re|K)rted to be suitable for match boxes ((iamble, 
2S0 : Rama Rao, 143). 

H. latirifolia Vahl and H. hrinionis Wall, are small 
trees or shrubs found in south western ghats. The 
branches of //. laurifoHa have listular intcrnodcs 
inhabited by ants. 'Pbe wood is greyish white, hard, 
close-grained and fairly tlurahle and is suitable for 


posts. Tbe wood of //. hrunonis is useful for raciiuels 
(Lewis. 158-59 : 'Trot ter, 1944, 227). 

II, hourdilloni Plain (Mal. — Adimuudan) is a 
moderate-sized tree occurring in western ghats of 
Travancore at an altitude of c. 3,000 ft. Phe wood is 
greyish brown, hard, rough and heavy (wi., 48 lb./ 
cu. ft.). The fruit is said to be eaten (Bourdillon, 131 ; 
Rama Rao, 144). 

HUMULUS Linn. {iUiinuihiiun'cac) 

A genus of twining herbs distributed in the north 
lem|x*rate /.one. H. Inlutlus, the major source of 
Hops used in the brewing industry, is extensively 
cultivated in U.S.A.. South America. Europe and 
Australia. In India, hops have been cultivated only 
on an experimental scale and the entire re(|uirements 
of tbe breweries are at present obtained by imports. 

H. lupulus Linn. 

D.K.P.. iV. 302 : C.P.. 7^-9: KL Br. Iiul.. V 4S7 : 
Kirt. cV Basu. i>l. 887A. 

A perennial, twining, scabrid herb, 15-20 ft. in 
beight. It is generallv dioecious : monoecious plants 
are occasionally found. Aerial stems (bines) opposite- 
ly branched, angular. Ilexible : leaves opposite, stipu- 
late: lower larger, 3-5 lobed. u|)per smaller, ovale 
or cordate, serrate, minutelv prickly, petioles long ; 
male flowers small, greenish yellow, arranged in 
paniculate cymes : female llowers in cone-like in- 
florescences : fruit an achene. 

'Phe female inflorescences are known ;is ho|)s, burrs 
or cones. Lath cone consists of a zig-zag main axis, 
1-2 in. long, co\eretl wiili fine downv hair and bearing 
a series of op|)osite and alternate short lateral .axes. 
Each lateral axis has a pair of hracts at the base and 
bears four female llowers, each subteiuled bv a tubu- 
lar bracteole. The outer and lower surfaces of the 
bracteoles and to a lesser extent, the bases of the 
hracts are covered with yellow polIen-Iike glandular 
trichome.s, known as Hop-mkai.. Li pi lin (Elands, or 
Li'pclin. 'Phe liipulin glands are bright golden 
yellow and ‘transparent in voting hops and citron 
yellow and opacpie in the ripe ones. 

Experimental cultivations of hops in the past were 
somewhat successful in Kashmir and Chamba, but 
did not succeed in Debra Dun, Punjab and the Nib 
giris. In Kashmir where hops are now grown in 
gardens and orchards, a considerahle (piantitv is said 
to have been produced at one time for the reijuire- 
ments of a local brewery. Recent Iv. at the instance 
of the Ministry of l"ood Agriculture, experimental 
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cultivation of hops has l)ccii uiidcrtakcii at Srinagar 
and Bangalore. The entire re(|iiirements of Indian 
hreweries for hops arc at present obtained from 
al)road. The imports which stood at i8i cwt. in 
1948-49 increased to 801 cwt. during 1955-56. 

Hops can be cultivated on a wide range of soils ; 
deej), well-drained rich soils or gravelly loams arc 
most suitable. Places with a mean summer tempera- 
ture of c. 60^ F., sheltered against strong wind and 
heavy rains, are considered best. Propagation is done 
hv rhizome cuttings, 6-8 in. long and c. 0.5 inch in 
diam., having at least two pairs of buds or eyes and 
planted about 8 ft. a[)art. The vines are trained on 
poles or trellises, the latter being preferred. Soon 
after training, the lowest pair of leaves are stripped 
off to prevent the spread of downy mildew. 
All excess suckers are also removed from around the 
base of the plant. Only ripe or fully matured hops, 
which are usually bright yellowish green, .sticky, 
crisp or papery and noticeably resilient, arc picked. 
Unripe hops are deep green, soft and pliable, lack 
resiliency and the lupidiii is not fully developed. Old 
plants yield hops of superior cpiality, but are usually 
destroyed on account of their low yield. The yield 
per acre in Kashmir is reported to be 4.4-5.8 cwt. 
as compared to 10-12 cwt. in western countries. 

Among the serious diseases of hops, mention may 
be made of dovvtiy mildew, powdery mildew, sooty 
mould, root rot, crown gall, and several virus dis- 
eases. Hop plants are also attacked by a large number 
of insect pests, h'ungicidal dusts and sprays are u.sed 
as control measures |Fdwardson, Ecoti, Bot,, 1952, 6, 
160 : Anandaramiah, /. Mysore hurt, .Sue., 1956, 
1(1), 56|. 

Freshly picked hops (moisture, 65 8o';o) are dried 
to c. 12% moisture; the process prevents the hops 
from turning brown and checks the volatilisation of 
the essential oil in lupulin. In U.S.A., the drying is 
done in natural draft or forced draft kilns at 
110 115*^ or 145 150° depending upon the humi<lity 
of atmospheric air. Drying at high temperatures is 
apt to make the hops flulfy, shatter easily and impart 
a scorched aroma. Dried ho[)s are cured in coolers 
for 10-14 days to c([ualise the moisture content to 
L. 12",,, which renders them tough and pliable, and 
improves tlie aroma. Cured hops are stored at 
52-38®F. : at higher teinperaiures the soft resins arc 
partially oxidised to hard resins and the essential oil 
volatilises. 

Commercial hop.^ (Hl^^Il'Ll^s) possess a strong 
characteristic aroma, becoming valerianaceous on 


ageing, and a bitter taste. Their commercial value 
depends on the amount and quality of lupulin glands, 
appearance and aroma. Hops arc sometimes threshed 
to .separate the lupulin which is .sold separately. 
lAipulin of commerce is, however, generally obtained 
by sieving the sweepings of hop-room floors. It is a 
gramdar reddish brown jx)wder with a characteristic 
odour and bitter aromatic taste. It darkens with age 
and develops valerianaceous odour. Lupidin .should 
yield J>io% acid-in.solublc ash and <t]6o% of non- 
volatile ether-soluble extractive (U.S.D., 1955, 1744 : 
Youngken, 283 : IVeasc, 212). 

Hops arc used in beer manufacture mainly for im- 
parting to the beer its characteristic taste, aroma and 
sparkle, and also to prevent bacterial action. They 
also pos.sess medicinal properties ; they are aromatic 
and bitter with sedative, soporific, tonic, anodyne and 
diuretic properties. They are used with other medi- 
cines in debility, indigestion, worms and nervous 
conditions. Sometimes they are u.sed in poultices 
(U.S.D.. 1955. 1714: Hill. 258; Schery, 260: Wren, 
174: Kirt. ^ Basil. Ill, 2301). 

Hops contain: moisture, 6-12: resins, 11-21; 
volatile oil. 0.2 0.5 : tannins, 2-4 : nitrogenous matter 
as protein, 13-24 : gluco.se and fructo.se, 3 4 : pectins, 
12 14 ; and ash, 7-10% : organic acids and colouring 
matters arc also present. The tannins, which include 
phlobaphcne, function as weak acids. The mineral 
constituents present include pota.ssium, calcium and 
magnesium as phosphate, silicate and sulphate (Allen, 
VIII. 1 17-19 : Kirk ik Othmer. II, 385 : Thorpe, If, 91). 

The characteristic bitterness and anlise|)tic proper- 
ties of hops are due to tiie presence of soft resinous 
bodies, a- and /S- resins : the active constituents of the 
resins are the bitter acidic compounds, humulone or 
fi.-lupulinic acid (C21H.,,/), : m.p., 66-66.5") 

lupulone or / 3 -lupulinic acid ; m.p., 

90.5-92"). They are highly bacteriostatic against 
Gram-positive and acid-fast bacteria, including A/yco- 
bacterium tuberculosis. During the ripening of hops 
and drying and storage, humulone and lupulone 
undergo oxidation and polymerise to form respec- 
tively «-resin and / 3 -resin. Further transition produces 
the hard y-resin with little or no commercial value. 
The terms n- and / 3 -resins or fractions customarily 
include both resinous bodies and acidic compounds. 
Fractionation of resins from fresh hops gave the fol- 
lowing values: a-fraction. 35 (42 or more in superior 
(|ualities) ; / 3 -fraction, 46-48; and y-resin, 12%; The 
antiseptic potency of the a-fraction is much greatei 
than that of the / 3 -fraction. Two more compounds. 


136 



HURA 


liuinulinonc (C^iHaoOo ; m.p., 74®) and adhuiuulonc 
(CajHaoO,.) have recently been isolated (Thorj>c, TT, 
92 ; Edwardson, loc. cit. ; Cliem. Abstr,, 1950, 44 , 
4*94 J *934» 28, 3831 ; 1949. ^2, 5444 ; 1956, 50 , 3248 ; 
Hort. Abstr., 1950, 20 , 408 ; Ilcilbron & Biinbury, II, 
696 ; III, 193). 

Hops owe their characteristic aroma to a volatile 
oil present in a concentration of o.2-o.8% (av. 0.4- 
0.5%) in the dried material. The oil obtained by 
steam-distillation of hops is a thin lk|iiid of pale 
yellow colour, with a pleasant characteristic odour ; 
on ageing the colour changes to red brown and a 
cheesy odour develo[>s. The oil has the following 
range of constants: sp. gr.^i", 0.829-0.895, occasion- 
ally up to 0.914; [a|^, -1.4° to +2.2°; 

1.4691-1.4908, occasionally up to 1.4939; acid val., 
lip to 7.0 ; ester val., 14.9-61.5 ; and solubility, usually 
turbid in 10 vol. of alcohol (95 Vo)* The principal consti- 
tuents of the oil arc myrccnc (30-50 Vo) and sesquiter- 
penes including humulenc (15-25%) ; other consti- 
tuents reported are formaldehyde, dipentene, linalool, 
linalyl i.sononylale, geraniol, myrcenol, esters of 
myrcenol. methyl nonyl ketone, luparol, luparenol, 
and free and esterified acids. Hop oil is used mainly 
for llavouring beer : it is also used for flavouring other 
lereal beverages, mineral waters, and tobacco and in 
some perfume compositions (Guenther, VI, 136-40). 

The fibre from stems of hop plants is used for 
twine and for textile purposes. An extract of hops is 
used as a hair rinse in Russia. Spent hops from 
breweries are u.sed as fodder and manure (Edwardson, 
loc. cit.). 

HUNNEMANNIA Sweet {Papavcraccnc) 

Bailey, 1949, 426 ; Gopalaswamiengar, 438. 

A monotypic genus of shrubs native of Mexico. 

//. jinuariar folia Sweet (Mexican Tulip Poppy) 
is a bush .2-3 ft. high with triternately divided glau- 
cous leaves and large, solitary, golden yellow flowers, 
cultivated in Indian gardens at medium and high 
elevations. It is propagated from seed, which should 
be soaked in tepid water for an hour before sowing. 

The plant contains four alkaloids, vi/.., hunnema- 
nine (C.j„HaiO..N ; m.p., 209° ; yield, 0.18%), protopinc 
(0.14%), allocryptopine (0.03 ”i,), and a trace of an un- 
identified alkaloid (C22H.jiO,N : m.p., 174°) (Manske 
cl al., ]. Amer, client. Soc., 1942, 64 , 1659). 

HUNTERIA Roxb. {Apocynaccae) 

A small genus of trees distributed in the tropics 
of the Old World. One species occurs in India. 


H. zeylanica (Ret/..) Gardner ex Thw. syn. H. coryni- 
bona Roxb. 

D.E.P., IV, 307 ; FI. Br. Ind., Ill, 637. 

A small tree found in South India and Andaman 
Islands. Bark light brown : leaves opposite, linear- 
lanceolate, coriaceous, shining : flowers white or pale 
yellow, in short cymes ; fruit of two globose, orange- 
red, 2-sccdcd berries. 

The wood is yellowish brown, with no distinct heart- 
wood, hard, heavy (wt., 48-58 Ib./cu. ft.), and fine- 
textured. It is used for inlay and small articles and 
is suitable for carving ; it may be used as a substitute 
for boxwood (Burkill, 1, 1203 ; Ingle & Dadswell, 
Anst. J. Hot., 1953, 1, i). 

The latex of the plant is used, in Malaya, for treat- 
ing yaws. The leaves arc applied externally for wounds 
and cuts in Ceylon (Burkill, I, 1203 ; Rama Rao, 252). 

The bark contains 0.3V6 of a toxic alkaloid 
(Chopra, 496). 

HURA 1 an n . [Etiplwrh iaccac) 

A small genus of trees native of tropical America. 
//. crepitans is widely cultivated in the tropics and 
has been introduced into India. 

H. crepitans Linn. Sanduox 'rKEn 

D.E.P., IV, 307 ; Cooke, II, 672. 

Tkl. — Siniaburuga ; Tam. — Mtillarasanain ; Kan. — 
Rctidani. 

A prickly, laticiferous, monoecious tree reaching a 
height of over too ft. in its native country, cultivated 
in many Indian gardens. It is planted for shade 
on roadsides and in plantations. Ix^aves broadly 
ovale or cordate, toothed, acuminate : flowers reddish, 
inconspicuous ; fruits hard, roundish, flattened, 
2 -3 in. diam., dchi.^cing with a loud explosion into 
a number of cocci, each containing a flattened 
roundish .seed. Unripe fruits pierced with small 
holes were, formerly employed as containers of sand 
for blotting ink. Filled with lead, they are used as 
paper weights (Williams & Williams, 189). 

The seeds, the fresh latex, and decoction of the 
bark possess emeto-cathartic properties ; they are 
violently poisonous in large doses. The toxicity is 
attributed to the presence of a toxalhuinin, crepitin. 
In Java, the seeds partially roasted or pounded with 
honey and made into pills arc used as purgative. 
With the embryos removed, they arc said to be 
aperient. The kernels yield 53.8% of an oil (iod. 
val., 1 1 7) which is purgative. The seed cake may 
be u.sed as a fertilizer. Analysis of the dry seed cake 
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gave the Inlkiwing values: N, 10.12; K^O, 2.13: 
IV/),, 1.2 1 : and CaO, 2.34';,.. The ash from the seed 
shell is rich in potash (U.S.l)., 1955, 17*4: Burkill, 1 , 
1203 : diem, Ah$lr., 1941. 35 , 6823 ; Adriaens, 179), 
Hie latex is acrid, producing erysipelatous redness 
anti pustular eruptions on contact with the skin : it 
causes hlindness if it gets into the eyes. It is used as 
a lish |K)ison and sometimes, also as an arrow poison. 
In Brazil, it is employed for elephantiasis. The latex 
tontains hurin, a compound closely related to cardol, 
and a |>roreolytic enzyme, hurain (U.S.l)., 1955, 1714 : 
Burkill, I, 1204 : Jalfe, /. hinl. Clicm., 1943, 149 , i). 

'rhe latex, bark and seeds have been employed in 
the treatment oF lejirosy. In Java, the fruit walls are 
|>ounded and applied to sores. In (biiana, the leaves 
are used for chronic pains. All jiarts (»f the plant, 
especially Iruits and seeds, show insecticidal proper- 
ties (U.S.l)., 1955, 1714 ; Burkill, I, 1204 ’? Kirt. & Basil, 
111 . 2288 : Sievers et al., /. cam. tint., 1949, 42 , 549). 

The wood is creamy white to yellowish brown, 
lustrous, line textured, soft and light (sp. gr., 
0.36-0.44 ; w’t., 23 -27 Ib./cu. ft.). It is linn and tenaci- 
ous. easy to saw' and is moderately durable. Jt is used 
lor boxes, crates, interior (’onst ruction, veneers and 
plywood (Record & Hess, 160; Hess cl al., Trap. 
W'oods, No. 97, 1950, 73). 

Hyacinth — see Zircon 

Hyacinth Bean — .see Dolichos 

Hyacinth, Water — .see Eichhornia 


HYAENA (Order, Carnivora ; Sub-order, Aeln^ 
roidca) 

Hyaenas belong to tlic Old World carnivore family 
Hyacnidac {Feloidea). They are similar to dogs in 
body build, but are distinguished from them by their 
large canines, carnassial teeth and broad head with 
large, pointed, erect ears ; the forelegs arc longer than 
the hind and a mane runs all down the neck and 
back. Tail short (c. I'/i ft.) and busby : fore and hind 
limbs sturdy, four-toed with short, blunt, non-retrac- 
tile claws unprotected by any .sheath : body massive, 
c. 3yi ft. long : facial vibrissae or whiskers poorly 
developed ; tongue rough ; eyes dark : winter coat 
full atid soft witli tinder coal : sutnmer coat .short and 
scanty (K. Bourliere, 121). 

Striped Hyaena (/-y\7/c;/r/ li\aena hyaena Linn.) 

Fn. Br. Ind., Mammalia. 11 . 67: Jerdon, 118 ; 
Prater, 78 : Sterndale, 99. 

Hindi — Taras, hondar, jhirak. harva^h, lakar 
hagha, lakra : Wksc. -Nankraha^li ; Mak. — Taras; 
'ri:i .. — Dnnnd gnndn, kornagundn ; Tam. Kazulhai- 
koraelii ; K\s.—Kiraba, knl-kiraha. 

1’be striped hyaena is distributed from lower 
Kashmir to Nepal, the Terai, from Rajasthan east- 
w'ards to lower Bengal, and from Kutcb southwards 
to the Nilgiris, probably up to U.ape Clomorin : it is 
rare in 'Travancore. It is found more commonly in 
the drier [larls. Its liead and body measure about 
2j,4 ft. in length with a tail about i' 2 ft. 
canine teeth are small in comparison with the molars 
and are provided with po>rectivc ridges. It is coward- 
ly by nature, but is known at limes to attack sheej), 
goats, calves and dogs in particular. It is usually 
afraid of man, but reient reports from Allahabad 
and Bara Banki districts (U.P.) reveal that it makes 
bold to lift children of tender age eating up their 
hearts and lungs only. Its life span in captivity is 
12-24 y^itt'^ (»’*'• years) (Fllerman ^ Morrison- 
Scott, 299). 

As a solitary animal, the hyaena prefers open 
plains, de.serls, rocky and .scrub-covered hills and 
nullahs and open jungles. It takes shelter during 
day in caves, among boulders in boles dug by 
itscll or by porcupines. Very little is known about 
the breeding habits of striped hyaena. Usually 3-4 
young ones, covered with short, silky white hair and 
stripes, arc born. Cu])s arc easily tamed. The animal 
produces various kinds of noises and cries, the most 
pronounced among them being a laughing chatter, 
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Photo : M. Krishnnn, Madras 
FIG. 85. STRIPED HYAENA 


probably diio to an impulse roused al I be sight 
of food. 

'rhe hyaena is a iiaiural scavenger living on 
carcasses of animals left ovei l)y tigers, panthers, 
vultures and jackals. The large teeth, especially the 
canines, and jaws are adapted for crushing hones. 

The anal glandular potiches of striped hyaena 
secrete hyaenic acid ; ni.p., 77-78°) as a 

glyceride, wliich may he a mixture of homologous 
latty acids with an even numher of carbon atoms 
(Thorpe, VI, 289). 

fn rhe tribal parts of India, the tongue and the 
fat of the animal are considered medicinal. The 
tongue is used for reducing tiimours and swellings : 
it is reported to he effective for curing splints in 
horses (J. Huxley Su.schit/kv, 1 1 ; /. Bonihav nat, 
/fist. Soc., 1914, 23, 145). 

Hyalite — srr Opal 

Hyalophane sec Felspar 

HYBANTHUS Jaoj. (Vinlacatc) 

A genus of herbs or nndershnd)s distrihiited in the 
tropical and subtropical regions of the world. One 
species occurs in India. 

H. enneaspermus (Linn.) F. Muell. syn. lonidium 
siiffruticosum Ging. : /. ctincaspcnuum Vent. 

D.K.R, IV, 47<j : FI. Br. Tnd., 1, 18^ ; Kirt. Basu, 
PI. 81. 

Sans. — Amlntru/uiy charati ; Hindi — Ralaupurus ; 
Beno . — Nufihora ; Tel. — Nilaliohari ; Tam. — Puru- 
s/iaratnam ; Mal . — Ore la thaw ant, kalthawara. 


Santal — Birsurajwti/ilti, taiidisol ; Bombay 
paras. 

A small diffuse perennial herb, often with woody 
branches, found in the warmer parts of India from 
Delhi to Bengal, and southwards throughenit the 
Deccan Peninsida. Leaves suhsessile, linear to ohlan- 
ce()late, i. 5-2.0 in. /o.oS — 0.5 in., entire or serrate ; 
flowers solitary, axillary, red, spurred ; fruit a small 
suhglohose capsule containing ellipsoid, l(»ngitndi- 
nally striate, yellowish while seeds. 

The plant is reported to possess tonic, diuretic and 
demulcent properties. The root is diuretic and 
administered as an infusion in gonorrhoea ami 
urinary affections. 'Hie Santals employ the root in 
bowel complaints of children. The leaves and render 
stalks arc dcmidcent and used as a decoction or 
electuary : in conjunction with oil. they are employ- 
ed in preparing a cooling liniment for the head. 
Tn Africa, the plant is added to the food of 
pregnant and parturient women : an infusion is also 
given to children (Kirt. & Basu. I. 21} : Rama Rao. 
21 : Dal/.iel, 24). 



FIG. 86. HYBANTHUS ENNEASPERMUS-t LOWERING 6c 
FRUITING BRANCH 
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HYDNOCARPUS Gaertn. {Flacouriiaceae) 

A genus of frees, sometimes shrubs, distributed in 
south-east Asia, chiefly in the Indo-Malayan region. 
Four species occur in India. 

The seeds of several species of Hydnocarpusi as well 
as f)f some other genera of Flacnitrtiaceae, yield fatty 
oils, generally known as Chaulmoogra Oils, used 
extensively in the treatment of leprosy and other 
cutaneous diseases. Among the best known oils of 
the chaulmoogra group are Chauiaiooora Oil 
from H. kurzii (King) Warb., Hydnocarpus Oii. 
from H. Itiurifolia (Dennst.) Sleumcr and Luk- 
KAHO Oil or Kkabao On. from H, antlielniin- 
thica Pierre. //. tnithehninthica occurs in China, 
Indo-China, and Siam. H. venenata Gaertn., a species 
endemic to Ceylon is also a source of chaulmoogra 
oil and has been erroneously considered to occur in 
South India. 11 . kurzii and H. laurifolia occur in India 
and their seed oils are exportetl to Belgium, France 
and Borneo. The total quantity exported from Cochin 
in 1955-56 was 7,057 gal., valued at Rs. 57,852 (Anna. 
Rep. Cochin Chamber of Commerce, 1955-56, 85). 

The oils of the chaidinoogra group arc characteris- 
ed by the presence, in predominating amounts, of 
unsaturated cyclic fatty acids, mainly chaulmoogric 
and hydnocarpic ; lower homologues are also reported 
to be present in some oils. The acids contain a cyclo- 
pentenc ring at the end of the carbon chain and an 
asymmetric carbon and are dextrorotatory. They 
possess marked therapeutic value, especially in 


the treatment of leprosy. Both chaulmoogric and 
hydnocarpic acids have been synthesised. Tables i 
and 2 summarise the characteristics of the oils of 
chaulmoogric group and of the optically active cyclic 
acids (Hilditch, 1956, 220). 

H. alpina Wight 

D.K.P., IV, 308 ; FI. Br. Ind., I, 196. 

Mar.— ; Tam. — Attuchankalai ; Kan. — 

Torallii, sanuasolti ; Mal. — Malamaravetii. 

Niloiris — Maratatte. 

A dioecious tree attaining a height of 70-100 ft. and 
a girth of 2 4 ft. with a clear bole of 20-30 ft., occur- 
ring in the forests of western ghats from South Kanara 
to Kerala, ascending to an altitude of C\ooo ft. I.,eaves 
alternate, elliptic-oblong to lanceolate, very variable, 
deep green, brilliant red when young ; flowers few, 
in axillary racemes ; fruit an ovoid berry, c. 3 inches 
across ; seed with a hard testa, alhiiminous. H. alpina 
is a good avenue tree in the hills and can he raised 
from seed. 

The wood is light brown with darker streaks, hard, 
strong, heavy (sp. gr., c, 0.8 ; wt., 51 Ib./cu. ft.), 
straight or sometimes curly-grained, even- and fine- 
textured. A somewhat difficult timber to season, it 
develops fine straight end-splits and is liable to crack 
on the surface in fine wavy lines. Green conversion 
followed by open stacking under cover is recom- 
mended. The timber is fairly durable under cover, 
but not so in exposed situations. It machines well and 



TABI.E 1— ANAI.YTICAL CONSTANTS OF SEED 

OILS FROM SOME HYDNOCARPUS SPP. 



Oil from 

H. alpimf 

Liikrabo oil from 
//. anthelminthica* 

Chaiilmt»ogra oil 
from H. kiirziiX 

Ilydnocarpii.'? oil 
froin //. idurifoliaX 

Oil from 

H. venenata^ 

S|). gr.’' 

0.898 
(at 100“) 

0.953 

0.937-0.970 

0.940 0.960 

0.9475 
(at 30“) 

n 

n 

1.471 
(at 40“) 

1.473 
(at 30*) 

•• 

1.472-1.476 
(at 40“) 

1.477 
(at 30“) 

m.p. 

22-26“ 

20-25“ 



19-20“ 

f-i.. 

+49..S- 

.f-47 to +.54“ 

(at 15") 

+ 48“ to 60“ 


+52“ 

Sap. val. 

207 

201-12 

196 213 

198 -204 

200.3 

loti. val. 

84 

83 -91 

96-104 

92-103 

99.1 

Acid val. 

0,^5 

8 

20 -30 

r > 5 (for injections) 

\ >10 (for ethyl e.«5tcr) 

24.7 

Unsapon. matter (%) 
C!ombined fatty acids: 

•• 

1 

•• 


•• 

Tit re 

.. 

36-41“ 

. . 

. . 

.. 

m.p. 

•• 

42-43“ 

•• 


•• 

•Hilditch, 1941, 

132. t Williams, K. 

A., 377. tI.P., 422. 

429. 
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TABLE 2-CHARACTERISTICS OF OPTICALLY ACTIVE ACIDS IN OILS 
OF CHAULMOOGRA GROUP* 



Mol. formula 

m.p 

"C. 

r 

Tod. val. 

Chaiilmoogric 


68..S 

1 60.3 

90.5 

Hydnocarpic 


60.5 

-i- r»9..t 

100.7 

Alcpric 


48.0 

4 - 77.1 

113.4 

Alcprylic 


.42.0 

-f 90.8 

129.7 

Ali'prc.siic^ 



+ 100.5** 

151.2 

A leprotic 

cji,o. 

•• 

-1-120.5** 

2267 

Corlic 

c,ji,„o. 

6.0 

+ 60.7 

182J 

• C^olc &L Cardoso, f. Anu r. 

<7/cm. .Vor., 

1039 , 61, 2349. 

♦♦ Cal 


riilatc'd. 


can be easily sawn in green conclirion. The limber is 
good for consiriiction piirpc^ses and is used for beams 
and rafters. It has been recommended for pattern 
work, foot rules, picture frames, mouldings and 
carvings. Tt is also a good fuel wood (Pearson ^ 
Brown, I, 33-34 : (iambic, 42). 

'The seeds contain up to 62.5V0 of a fatty oil which 
is similar to chatilmoogra oil. The pressed oil is used 
locally for medicinal purposes and as an illuminant. 
The characteristics of the oil are given in Table i. 
The chief component acids are chaiilmoogric and 
hydnocarpic (Wehiner, II, 802 ; Jamieson, 73 ; 
Ililditch, 1956, 221). 

H. kurzii (King) Warb. syn. H, hctcropJiylla Kurz, 
non Blunie : Tartikto^cnos ktirzii King 
D.E.P., IV, 308 ; C.P., 1067 ; FI. Assam. I, 87 ; 
Chopra rt ai. Fig. 28. 

Rknc;. — chaidmitgra. 

Assam Let /n ten/, dioi^-soh-lap, halihK, rozvdi- 

A tree up to 50 ft. high with tall trunk and narrow 



FIG. 87. HYDNOCARPUS ALPINA-FLOWERING BRANCH 9t FRUIT 



Dchra Dun. Photo : K. .1. Chozedhury 

FIG. 88. HYDNOCARPUS ALPINA-TRANSVF.RSE SECTION 
OF WOOD (x 10) 


crown of hanging branches, commonly found in 
evergreen forests throughout upper Assam and in 
Tripura, often forming gregarious patches. Leaves 
oblong or elliptic, 7-8 in. long, abruptly acuminate, 
coriaceous, petiole slightly geniculate at the upper 
end : flowers mostly dioecious, pale yellow, in axil- 
lary cymes ; fruits chocolate-brown, globose, 2.5-3.0 
in. across ; seeds numerous, c. i in. long, laceted, 
with copious albumin. 

H. kurzii is the .source of the true chatilmoogra 
oil. The tree bears irregularly and fruits are gathered 
once in 2-3 years when a full crop is expected. The 
yield of fruits per tree is reported to be about 300. 
The seeds (wt., 1-2 g. each) resemble brown pebbles in 
appearance and are of varying size and shape. I hey 
have iK)or keeping tjuality and seldom reach the 
market in fresh coiuiition. Analysis of the seeds gave 
the following values: proteins, 24.2 : oil, 30.12 ; and 
a.sh. 4.93% ; they contain a cyanogenctic glycoside 
(yield of hydrocyanic acid, 0.04% on kernel wt.). 
The seed kernel (73-85% of the weight of seed) con- 
tains 48-55% oil. Commercial oil obtained by the 
expression of kernels usually contains large amounts 
of free fatty acids and is of poor (jiiality (Jamieson, 


141 


HYDNOCARPUS 


70 : Hoopt-r, Agric. Ledger, No. 5, 1905, 71 ; Wehmer, 
ir, S03 ; B.P.d., 1949, 578). 

Chiiiilinoogra oil (Oi.kum C'iiaulmoogkae) is official 
in ln(iiaii Pharmaropoca and is employed as an 
external application. The ethyl esters of the oil are 
also used in therapy. Chanimoogra oil was once 
official in B.P. hot has now been replaced by hydno- 
(arpiis oil from H. Inurifolia. C'haiilmoogra oil is 
yellow or brownish yellow in colour with a character- 
istic odour resembling that of ranchl butter and 
somewhat acrid taste. If is a soft solid fat at tempera- 
tures below sparingly .soluble in 90"., alcohol, bill 
soluble in hen/ene. chloroform and ether. It has the 
following range of constants: sp. gr.'* , 0.937-0.970 ; 

160*^: sap. val., 196-213: acid val.. 
20 30 ; and iod. val., 96-104. The component fatty 
aciils of the pressed oil (iod. val., 101.5) <^‘lt^tiil- 
moogric, 22.5 : hydnocarpic, 34.9 ; gorlic. 22.6 : lower 
homologiies of hydnocarpic, 0.4: palmitic, 4.0: and 
oleic, 14.6‘V, (I.P., 422 : Thor[K‘, Tl, 523 : Cole 6 c Car- 
doso. /. ehem. Soe., 1939, 61 , 3442). 

'I’he seed cake is unfit for use as cattle feed because 
of the presence (»f a cyanogenetic glycoside : it is 
used as manure. Analysis of the extracted meal gave 
the following values: nitrogen (N), 6.57: potash 



Photo ; Ranu’sh liefii, Ifardu'tit 


riG. «9. HYDNOCARPUS KURZII-FI.OWERING BRANCH 


(KgO), 2.21 : and phosphoric acid (P2O;,). 0.87% (Child 
6 c Nathanael, Trop. Agriculturist, 1943, 

Jamieson, 73). 

In Sikkim, the fruit pulp is sometimes eaten after 
boiling with water. It is used as fish poison : however, 
fish killed by the use of the seed pulp should not be 
eaten. Wild pigs are reported to cat the fruits, and the 
pork of animals eating chaiilmoogra fruits should 
not be consumed. The bark is rich in tannin and is 
reported to be used as febrifuge. An infusion of the 
bark has the odour of the essential oil of hitter 
almonds (C'hopra ei uL, 208 : Burkill, 1, 1209). 

H. laurifolia (l)ennst.) Sleumer syn. //. zeighlutua 
HI tune 

D.K.P., IV. : FI. Br. Ind., I, 196 ; Kirt. Basil, 
PI. 87. 

Sax.s. — Carudapludu, tuvrak ; Ihsm -CIiaul- 
UKutgru ; Mak. — Kobused, kadu-kavulu, kulu-kuvath, 
kiistel, keti, kantel, kozvti ; Tel. — Adi-hiidu7tiu, 
nirudi ; Tam. — Muruvattai, maravetti, niradi-mutlu ; 
Ka.\. — Torutli, surti, sunuili ; Mal. Kndi, koti, 
ttutraveni, waroti, nindaw, tiinrtli, lufuunu, vetli. 

Bo.mbay -Kunti, kuva. 

A dioecious evergreen tree, up to 50 ft. or more in 
height, often with fluted stem, commonly found in 
the tropical forests of western ghats from Konkan 
southwards. Bark brown, somewhat rough : leaves 
oblong, ovate or elliptic, 4-10 in. long, more or less 
serrate: flowers small, greenish white, solitary or in 
fascicles : fruit globose, 2 4 in. diam., tomentose, 
mammilate ; seeds 15-20. o.S -1.0 in. long (wt., i.o 

I. 4 g. each), suhovoid, oi'Uisely angular, striate. 

II. luurifolid is often planted on road sides in hilly 
areas. It may he raised from seeds sown soon after 
.separation from fruits. Under nattiral conditions, 
seeds germinate during the rains shortly after falling 
to the ground. 

The seeds constitute the .source of hydnocarpns oil 
which is by far the most important oil of the chatd- 
moogra group. The kernels (60-70% of the wt. of 
seed) contain : moisture, S.4S ; oil, 63.25 ; nitrogenous 
.substances, 16.75 • mineral matter. 3.83%. The 
seeds have better keeping (|ualitics than those of //. 
kurzii and the oil pressed from them has low acid 
value. The oil is considered to be therapeutically 
superior to chaidmoogra oil (Jamieson,. 75 : Wehmer, 
siippl., loS : Child & Nathanael, Trop. Agrictdlurisl, 
1942, 98 , 2). 

Hydnocarpns oil of B.P. or I.P. is a yellowish or 
brownish yellow oil or soft cream-coloured fat, 
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Suf)!., t'ort'sl Musrutu, 

FIG. 90. HYDNOCARPUS I.AURlFOl.lA-FRUITS 

obinincd by cold expression from fresli, ri|)e seeds 
of //. l/mnfolifi. It has a slight cbaracteristic odour 
and a somewhat acrid taste. It is soluble in most 
organic solvents. The constants of the oil are as 
follows: sp. gr.‘’ , 0.940 0.960; , 1.472-1.476: 

I" 1 1)' 1'53” ' ‘‘^**P* 19^-204 : iod. val.. 92 103 : 

and acid val., ^>5 (for injections), J>io (for ethyl 
esters). The fatly acid composition of a specimen 
of the oil (iod. val., 98.4 : solid acids, 84.3",) : li<[iiid 
acids, 15.7"..) was as follows: chaulmoogric, 27.0: 
hydnocarpi( , 48. 7 : gorlic, 12.2 : lower homologiies of 
chaulmoogric (alepric, aleprylic, aleprestic, aleprolic 
and unidentified acids), 3,4 : oleic, 6.5 : and palmitic, 
i.S",, (B.P., 264 ; I.P., 429 : Cole cV (Cardoso, /. /In/cr. 
chew. Sue., 1939, 61, 2351). 

Ilydnocarpus oil is mainly used in the treaimeni of 
Jepromatoiis leprosy and is effetlive, in early cases, 
in decreasing the size of nodules, anaesthetic patches 
and skin lesions. It is administered internally, the 
dosage being increased gra<lu;dly to prevent gastric 
irritation. Intramuscular injections give better 
results ; iodised hydnocarpus oil is .said to he less 
painful. Sodium salts of the fatty acids have also 
been used (Mart indale, I, 769 : ("hopra, 399). 

Ethyl hydnocarpate (or ethyl esters of hydnocar- 
pus oil containing mainly ethyl esters of chaulmoog- 
ric and hydnocarpic acids) possesses the therapeutic 
properties of the oil and is generally preferred to the 
latter in the treatment of leprosy : when injected, 
il infiltrates over a larger area and is also le.ss irri- 
tating. Ethyl hydnocarpate is oflicial in I.J^ and B.P. 
atid [xxsscsses the following characteristics: sp. gr.‘" , 
o.9(XF <3.905 ; .sap. val., 190-196 ; , 1.458 1.462 : iod. 

val., 88-94; acid val., )>i.o : and |"Il, 5 <C 1'45°- ^ 


niimher of preparations of ethyl esters, such as 
Moogrol. Chaulmestrol and Antileprol, are available 
(Mart indale, 1, 769 : I.P., 430 : B.P.C., 1949, 591 ; 
B.P., 264: Trea.se, 305 : Modern Drug Encyclopedia, 
186). 

Clinical evaluation of the curat ire value of hydno- 
carpus oil and its derivatives in leprosy has been 
.somewhat diflicult. However, it has been shown that 
in culture media, various hy<lnocarpates have a strong 
action in checking the growth of acid fast M\co- 
hdclenuw leprae. 1 lydnocaipus oil is also active 
against other acid-fast bacteria, including M\eohae- 
leriinu luhereulosis ; derivatives of the oil are more 
active. Sodium salts of chaulmoogric and hydno- 
carpic acids were reported to he bactericidal against 
M. hihereidash in a dilution i : ioo.cmm) ; later investi- 
gations have not yielded definite results (Kirk tV 
Othmer. III. 651 : Chopra, 395: li.S.l).. 1955. 658). 

Ilydnocarpus oil and its derivatives turn rant id on 
storage and cause pain and irritation when injected. 
Addition of creosote (o. i ().2‘V») or hydro(|uinonc. 
(o.o2'‘;,) to hydnocarpus preparations inhibits oxida- 
tion and improves the keeping (pialily. Ethyl esters 
undergo little deterioration when stored in com- 
pletely lilled and well-closed containers, hut rapidly 
develop peroxides when expo.sed to air (Foster et al., 
/. Pharai., Land., 1952, 4, 730 : Basu «!!v' Ma/umdar, 
/. Indian e/iew. Soe., 1940. 17 , 280). 

Hydnocarpus oil and its derivatives are being 
gradually replaced by sulphone drugs, like Promin, 
Dia.sone and Promi/.ole. which have given promising 
results in the treatment of Ie|>rosy. Regression of 
lepromalf)us lesions, even of aclvaiuvd nodules, has 
been reported hv llie use of sulphones (Burger. 11. 

The press lake obtained after the expression of oil 
from the seeds is used as manure. Unlike the press 
cake from IL knrzii seeds, it dt)es not contain any 
cyanogenetic glycoside. Analysis of extracted meal 
gave the following values: nitrogen (N), 6.88 : potash 
(K^O), 1.28 ; and phosphoric acid (P2D ,), 0.93"/, (Child 
& Nathanael, Trap. Airrienlinri.st, 1943, 99, 140; 
Wehmer, II, 801). 

Hydnocarpus seeds have long been used in South 
Indi.'i as a remedy for lej)rosy, chronic skin allec- 
lions and ophthalmia, and as a dressing for wounds 
and ulcers. The seed oil has been recommended as a 
local application in rheumatism, sprains and hrui.ses. 
.sciatica and chest affections. Both .seeds and oil act 
as gastro-intcstinal irritants when taken internally, 
producing vomiting and purging. 'The oil is used for 
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hurning (Kirt. & Basil, I, 225 ; 182 ; Chopra 

cl al,y 210 ; Talbot, I, 80). 

The fruits of the tree are used as fish poison, but 
lisli so killed arc unfit for liunian consumption 
(Rama Rao, 24). 

'Die wood is whitish, hut generally turns brownish 
grey due to fungal sa[Kstaiii and becomes streaked. 
It is somewhat lustrous when freshly exposed with a 
smooth feel, soft, light (sp. gr., c. 0.54 ; wt., 35 Ib./cu. 
It.), straight-grained, even- and line-textured. Green 
eoinersion followed by open stacking under cover is 
recommended. The timber seasons without cracking, 
but is liable to warp and discolour : kiln-drying has 
also been suggested. It is not durable and is liable to 
insect and fungus attack. It saws easily, working to 
a good finish and smooth surface. The timber is used 
for packing cases. It is a good board wood if care- 
fully seasoned. It is used as fuel wood: calorific 
value, 4,251 cal., 7,652 B.t.u. (Pearson & brown, I, 
55-36 ; 1 alhot, I, 80 ; Krishna & Ramaswami, hidum 
For. Bull.. N.S.y No. 79, 1932, 18). 

II. castanca Hook. f. is a tree 25-40 ft. high, with 
greyish bark, found in Andaman Islands. Leaves 
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oblong to oblanceolatc, 6-14 in. x 2-4 in., bluntly 
acuminate, base unequal, coriaceous ; flowers greenish 
white, in fascicles ; fruits ovoid, covered with yellow 
velvety tomentum ; seeds large, angular. 

A decoction of the bark is taken internally for 
skin diseases and internal disorders. The w'ood may 
be used for house building (Burkill, [, 1208). 

HYDNOPHYTUM Jack {Riibiaccac) 

FI. Br. Ind., Ill, 194. 

A small genus of epiphytic shrubs distributed in 
south-east Asia, Australia and Polynesia. One species 
occurs in India. 

H. (indamanctisc Becc. syii. H. forniicarimti Hook, 
f. (FI. Br. Ind.) in part, non Jack is a small epiphytic 
shrub with a basal swollen tuber infested by ants, 
found in Andaman Islands. This species is now 
considered distinct from H. foruiicariuni Jack distri- 
buted from Malaya eastwards to the Pacific. The 
two species, however, arc very closely related and 
probably find the same uses. 

The tubers of H. fornikdriiiui are. used in the form 
of a decoction for liver and intestinal complaints. 
They are used also in |X)ultices for head.Tches (Brown, 
1946, 111, 347 ; Burkill, I, 1209). 

HYDRANGEA I .inn. [Saxifraj^ttccdc) 

D.E.P., TV, 310 ; FI. Br. Ind., 11, 403 ; Bailey, 1949, 
474- 

A genus of shrubs and trees distributed in Asia 
and North and South America, h'ive species occur in 
India and a few exotics ,u*e cultivated for ornament. 

Hydrangeas arc grown in gardens for their hand- 
some foliage and large showy clusters of white, pink 
or blue flowers. In India, they flourish in hill stations, 
but seldom flower in the plains ; they may be grown 
in pots at medium elevations. They require rich light 
soil, free supply of water and frefpient light manur- 
ing. Exposure to full morning sun gives better tresses. 
The plants are propagated by cuttings, divisions or 
suckers. As the flowers are produced only on new 
shoots, the branches of the previous year should be 
pruned back, after flowering, to 1-3 pairs of buds. 
Slight pruning gives many but smaller clusters, 
whereas heavy pruning produces more dense, but less 
graceful tresses. The plants arc said to respond well 
to manuring with ammonium sulphate and to a 
lesser degree to ])lood meal and bone meal (Gopala- 
swamiengar, 273 ; Bailey, 1947, ^^*9 J Client. 

Abstr., 1935, 29 , 5576). 
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I'lic pink or blue colour of’ the flowers can l)e con- 
trolled by the (juantity and composition of fertilizer 
mixtures and /)I1 value of the soil. Acidic soils with 
medium nitrogen, low phosphorus and high potas- 
sium contents give blue flowers, while pink flowers 
are produced in alkali soils with high nitrogen, low 
phosphorus and high potassium contents. Sometimes 
the colour changes from pink to hlue due to the 
ahsorption of aluminium ions from the soil : addition 
of aluminium salts to the soil is said to favour the 
production of blue flowers (('hem. Ahstr,. 1952, 46, 
4068 : 1 938, 32 , 5444 : 1935. 29 , 5576). 

If. macro [ylivlhi (Thunb.) Ser. syn. //. horlcttsis 
Sm. : //. hortctisia DC. is an ornamental shrub up to 
12 ft. high, native of Japan and China and cultivated 
ill the hill stations in India. Leaves elliptic’ to broadly 
oxate or obovate, 3 6 in. long, coarsely toothed, 
iilmost glabrous : flowers pink or blue, rarely white, 
in large dense clusters. 

The leaves and roots of //. macrofy/iyl/a have long 
been used in C'hina as an antimalarial drug, under the 
name Ciianc; Siiaii. The drug is reported to be more 
potent than <|uinine and its activity is attrihuted to 
the presence of an alkaloid. C,„H,,,0.,N.,. 2IICI : m.p., 
223-25'. 'File leaves and roots of Dichroa fchrifii{ra 
((|.v.) are also known as Chang Shan and similarly 
employed. The flowers contain hydrangenol 
(C,-11,.,0, : m.|).. 181-82®), hydrangeic acid and rutin 
(max. yield, 0.36'’.,) (Indian mcd. Caz., 1952, 87, 330 : 
Chem. Ahsir.. 1952, 46, 10155 ; U.S.l),. 1947, *4^2 : 
('hem. /1/^s7r., 1916, 10, 1523: 1953,47, 10632). 

II. paniculata Sieh. is a hardy shruh or a small tree 
n|> to 30 ft. high, native of japan and China, Leaves 
elliptic or ovate, acuminate, serrate, jiubescent : 
flowers white or purplish, in panicles 6 12 in. long. 
II. ly^inirnlata var. ^rrandijiora Sieh. has large and 
‘iboxvy panicles of almost sterile flowers and is the 
one commonly cultivated. In India, the plant thrives 
only in hill stations. Its blossoms contain rutin (up to 
4.06 ’,. on dry basis), useful for reducing the incidence 
of recurrent haemorrhages associated with increased 
capillary fragility, particularly in hvperten.sion 
(Couch Naghski, /. /{tfier. chem. .Soc., 1945, 67, 
1419). 

Extraction of the drietl flowers of II. [y^ifiicnlaia 
with benzene gave 2.5% of a phenolic compound 
(C,, I : m.p., 224®). A glycoside pseudohydrangin 
or parahydrangin, probably identical with hydrangin 
(Qnlla.-.O,, ; m.p., 228®, 235®) from the roots of H. 
(frhorescefjs Linn., is present in the roots. The inner 
bark contains a new gliicoside, neohydrangin (m.p.. 


204- ; . - 130.9®) and a mticilage. On hydrolysis, 

neohydrangin yields umbel liferone and ('/-glucose. The 
essential part of the mucilage is a polyuronide con- 
taining d-galacturonic acid, galactose and rhamnose 
in the molecular ratio of 10:7:3 : the polyuronide is 
combined with some arabinose residues (C.hem. 
Ahstr., 1935. Merck Index, 504; Cdiem. 

Ab:ilr.. 1925. 19 , 3481 : 1956, 50 , 4926, 7490). 

II. atiomala D. Don syn. H. altissima Wall. (Lkpciia 
Sema-kimg ,* Garmwai. Kai/nnora) is a large deci- 
duous shrub, often epiphytic or climhing by means 
of adventitious roots, found in the Himalayas from 
the Ravi eastwards to Assam at altitudes of 4 ,(mk)- 
HMMK) ft. Leaves opposite, ovate-lanceolate, cordate, 
serrate : flowers whitish, greenish or bluish, in termi- 
nal clusters. The pale brown, shiny hark peels off in 
long papery strips : they are reported to he used .'is 
a substitute for paper. //. asfyera Buch.-IIam. ex 1). 
Don. a tree found in the eastern Himalayas, is 
reported to contain hvdiocvanic acid. II. heteromalla 
1). Don syn. 11 . vestiht Wall, and H. rohnsta Hook. I. 
iV rhoms. — //. aspera D. Don sub sp. lahnsla (Hook, 
f. <1^ Thoms.) McC'liniock are trees also occurring in 
the eastern Himalayas. The timber from these trees 
is whitish, moderately hard and heavy (wt.. 45 Ib./cu. 
ft. and 42 Ib./cu. ft. respectively). 

HYDRILLA Rich. (lI\drocharitaccae) 

D.L.P.. IV. 310: y\. pr 2, 31, 296. 308: Kl. Bi. 
Ind., V, 659. 

A monotyj)ic genus of submerged leafy w.iier 
plants, occurring in tropic.'il Asia. Australia and 
Central Europe. II. verticillata (Linn, f.) Royle 
(Hixni Jhan^i. knreli ; B k,\( ;. -///(/ //g/’, knrcH. saola : 
14 . 1 .. Ihfnachn, pachi. nachn ; Pr\|AB — Jala : 
Bomray Sakharisheval) is a fresh or brackish water 
herb with slender, branched, flaccid siems often 
rooting at the nodes, found throughout India in still 
or slow running water forming dense masses. It grows 
both from seed and from detached portions and 
winter buds. It is suitable for indoor and outdoor 
a(}uaria and is considered to be a good oxygenator : 
it is eaten by some types of fish. 'Hie plant may he 
used as green manure. It contains (dry basis): potas 
sium, 4"'. (KC\. 7.6",,) and mannitol, 13 14''.. 

(Chittenden, II. 1025 : Burkill, 1, 1210 : Chem. Ahsir.. 
1947, 41 , 4897). 

The plant is a pest in tanks, ponds and puddles 
and a hindratice to anti-malarial work and piscicul- 
ture. Spraying with Dicot ox (ethyl ester of 2.4-D). a 
chemical not harmful to fresh water fish, is reported 
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to Ik* dlcclivc in con! rolling tlic post (Biswas 
Caldcr, Ulth Hull. No. 24. 1955, 72: Srinivasaii & 
Clliacko, J. Hotnhuy nut. Hist. Soc., 1952- 53, 51 , 164). 

HYDROCERA Blinnc (Hulsuniiuuaur) 

FI. Br. Iiul., I, 4S3. 

A monoiypic genus of acpiatic herbs (iistribiited in 
tropical Asia. 

//. Irilloru Wight A' Arn. (Wksh, -Domuli) is an 
annual water weed occurring in ditches and ponds 
in Bengal and along ihe eastern coasi of India. Stems 
lloaling, llexuous, often many yards long, fistular. 
rooting at the nodes and hearing lotig (1-2 ft.), erect, 
5 angled branches : leaves alternate, sessile, linear- 
laneeolate. up to 5 in. long, serrate : Dowers large, 
variegated red, white and yellow, 1 3 on axillary 
peduncles : fruit suhglohose, succulent, with a bony 
truneate 5-celle<l stone : seeds one in each cell. 

'The plant is suitable for growing in gardens. It may 
he cultivated in pots hall lilled with garden .soil and 
profusely watered. The seeds are sown in spring. 
Water is added up to 2 or 3 in. alcove the surface of 
the soil. 'Fhe jtlatu Dowers (’onlinuously till the l)egin- 
ning of winter. If the pots are kept undisturbed, self- 
sown seedlings appear abundantly next year (Fir- 
minger, 597). 

'The Dowers may be used in the same way as henna 
for dyeing finger nails, riie fruits are apparently 
eaten by water birds (Burkill, I, 1210). 

HYDROCHARIS Linn. {Hydrocharilaa'uc) 

FI. Br. Ind., V, 662 : Oneniry, I, PI. 43. 

A small genus of acpialic herbs, commonly known 
as I‘'ko(;bii.s, distributed in the Old World and North 
America. One species occurs in Iiulia. 

//. duhiu (Blume) Backer syn. H, morsus-ranuc 
Hook. f. (f'l. Br. Ind.) non Linn. : //. usiulicu Mu|. : 
//. ccllulosu Buch.-llam. ex Wall, is a pretty stoloni- 
ferous Doating herb occurring in ponds and ditches 
in Kashmir and in parts of north-east Iiulia. Leaves 
petiolate, standing erett in tufts above the surface of 
water, rounded or reniforni. tip to 3 in. diam., Ilc.shy, 
smooth, olten reddish beneath : Dowers large, white, 
unisexual, borne on long |K*dicels, arising from within 
2-leaved, stalked s|)athes; male usually 2 3, female 
solitary in a spaihc : fruit ovoid, fleshy, 6-celled : seeds 
many. The plant multiplies during summer by termi- 
nal buds borne on stolons : these drop off during 
winter and serve for perennation. 

The leaves are mMcilaginous and astringent. In 
Kashmir, the plant is reported to be u.sed as fodder 


for cattle (Webb, Hull. (!uuu. sci. uiduslr. Res. AttsL, 
No. 232. 194S, 66 : C'oveniry, I, 88). 

//. morsus-rmiac Linn., a closely allietl species, is 
grown in acpiaria in Europe and America lor its 
beautiful silky roots, tender leaves and delicate 
Dowers (Bailey. 1947, IL 1624). 

HYDROCOTYLE Linn. (Umbel life rue) 

A genus of herbs widely distributed in the tropical 
and temperate regions of the world, chiefly in moist 
and shady places, 'riiree species are found in India. 

H. javanica I'hunb. 

FI. Br. Ind.. II, 667. 

A prostrate herb found tbroughout the Himalayas 
and Assam hills at altitudes of 2,000 8.000 ft. and on 
the western ghats from Kanara southwards. Stems 
succulent, creeping, rooting at nodes and sending out 
branches 6-12 in. long: leaves niunded, reniform 
or cordate, 1 3 in. diam.. subentire or lobed. crenu- 
late, sparsely pubescent, shining : Dowers greenish 
white, small, in crowded globular utnbels, borne on 
peihincles 0.25-2.0 in. long ; fruit mitmte. obovoid, 
(‘om|)ressed. 

rhe plant is considered to be a useful soil binder 
and may be grown in coconut and rubber estates ; 
there is, however, the risk of its becoming a trouble- 
some weed. 2.4-I), particularly its mercury salt, is 
elTective for eradicating the weed {Perudeuiyn 
Munuul. I)e|). Agric. Ceylon. No. 7, 1951 : Datia & 
Bannerji, Sci. & Cult.. 1954-55, 20, 191). 

//. juvutiicu is used as a substitute for Centellu 
usiulicu ((|,v.) and is known by similar vernacular 
names. It is a cooling tonic, alterative and diuretic. 
It is also a local stimulant and is used especially in 
cutaneous diseases. 'Fhe leaves are used as blood |)uri 
fier and in indigestion, nervousness and dysentery. 
The leaf stalks have a |)ungent aromatic odour and 
are said to he useful in toothache. The plant is 
reported to possess insecticidal |)roperties. ft is used in 
China as a plaster for d<»g hire ; leaves are u.sed as 
fi.sh poison (Lewis. 216: Chandra.scna, 112: Kirr. cV' 
Basil, II, 1196: FI. Male.siana, 8er. I, 1949, 4, 115; 
Cheo, Hoi. Hull. A cud. siiiicu. 1947, 1 , 298). 

H. sibthorpioides Lam. syn. H. rotundifoliu Roxb. 
FI. Br. Ind., II. 668. 

A dilfu.se |)rostrale herb re.semhling H. juvutiicu. 
found throughout India, a.scending to an altitude of 
7000 ft. Leaves orbicular. 0.25-1 inch in diam., cor- 
date or peltate, 5 7 lolx‘d, crenaie, shining; flowers 
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^i^ircnish while or ivddisli, lo 15 in an unihel : fruits 
compressed. 

rhe plant is reported to he used in rheuiiialism, 
pulmonary and digestive troubles, syphilis and other 
skin diseases and as vermifuge and diuretie. The juice 
is reported to he emeiic. In Indo-C^-hina, ihe roots are 
chewed in liver complaims. Jn Lakhimpur (Assam), 
ilie leaves are applied to boils for suppuration (/. sci. 
Rrs. Indonesia, 195-. suppl., 27 : Chopra, 497 ; 
Charter cV Carter, Rcc. hot. Surv. India. 1921, 6 , 402; 
Uiirkill, 1, 1212). 

H. sihthorpioidcs is considered suitable lor cultiva- 
tion as a constituent of mixed cover in tea estates : it 
may, however, become a troublesome weed. Applica- 
tion of 2, 4-D in the form of its ammonium salt is 
effective for eradicating the weed (Peradeniya 
Manual, loc. cit. : Clicm, Ahstr., 1945. 41S6). 


Hydrocotyle asiatica — srr Centella 

HYDROLEA Linn. (I lydrophyllaccae) 

A genus of herbs distributed in tbe warm parts of 
the world. One sj)ecies oc c urs in India. 

H. zeylanica Vahl 

n.K.P., IV. ^^5 : Kl. Hr. Ind., IV, 13;,. 

Sans. — Lan^ali ; Hi-:\<;. — Ishadangidia, kassclira ; 
Mai.. — CUcruvallvL 

An erect or diffuse, often succulent herb, found in 
moist and swampy places throiighoiii India, up to an 
altitude of 4000 ft. Stems u|) to 2 ft. long, rooting 
at the lower nodes : leaves alternate, shortly petioled, 
lanceolate : flowers blue, glandular hairy, on short 
lateral branchc's ; capsule ovoid, enclosed in enlarged, 
persistent calyx : seeds numerous, minute, oblong. 
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'The leaves an* coiisulered to |)ossess cleansing and 
aniiseptic properties : they are applied in potdtices on 
neglected and callous ulcers (Kirt. 6: Hasn, [IT. 1672). 

HYDROPHYLAX Linn. L (Ruhiaenw) 

KI. Br. Ind., Ill, 199. 

A small genus of creeping, succulent herbs distri- 
buted in the coastal regions of India, Natal and 
Madagascar. //. nuiritinia Linn, f., a littoral herb with 
creeping, succulent stems, several feet long, and thick 
lleshy leaves is found throughout the coastal region of 
India and on sand hills. It is considered to be a good 
sand liinder, though it produces very few branches 
and the roots at the nodes are not of great length (FI. 
Madras, 65^; Haines, IV, 451 : Blatter, /. Hnnihuy 
Hat. Hist. .Voc., 19;^^^, 36 , 7S1). 

HYGROPHILA R. Br. (AcaHthaccac) 

A genus of herbs distributed in the tropical and 
sub tropical regions of the world. About seven species 
occur in India. 

H. salicifolia Nees svn. //. aH^Hstifnlia auct., non 
K. Br. 

D.K.P., IV. 315 : FI. Br. Ind., IV, 407. 

WiiiAH— Mat ha tn arak\ tanka agia, lo\()Hgtonto ara. 

An erect or ascending herb coninionly met with 
in moist and marshy j)iaces throughout the greater 
part of India. Steins up to 3 ft. long, more or less 
(piacirangular, rooting at the lower nodes : leaves 
subsessile, linear-lanceolate, 2.5-5 » flowers 

pale |)ur|)le, in dense axillary whorls : capsule oblong. 
0.5- 0.6 in. long : seeds many, ovoid, compressed, 
mucilaginous, hairy. The plant has been confused 
with //. aii^itslifolia R. Br. by many authors. 

The leaves are eaten as a pot-herb. They contain 
ash rich in potassium and are strongly diuretic. 
In Malaya, the leaves are used for poulticing swell- 
ings ((. 7 /c;;/. Ahstr., 1918, 12 , 2656 : Burkill, I, 1213). 

The seeds swell into a gelatinous shining mass with 
water and used, in Java, in poultices for headaches 
and fevers. I'hey yield 25*’^, of a fatty oil and contain 
traces ol an unidentified alkaloid, a bitter substance, 
and 4‘’;, ash consisting chiefly of calcium phosphate 
and potassium chloride (Chem. Ahstr., 191S, 12 , 
2656). 

//. l)lilotH()i(lcs Nees is an erec t, rather stout herb 
with lanceolate to linearoblong leaves and deeply 
bilipped purple flowers, found in the south-eastern 
parrs of India. Its leaves are used in poultices for boils 
and headache (Burkill, 1, 1213) 


//. quadrivalvis Nees is a herb closely allied to 
/y. salicifolia ; it is found in various parts of the 
country from Bengal to Travancore. Its leaves are 
edible : the leaves arc used in toothache and for poul- 
ticing wounds (Shivnath Rat, 33 ; Burkill, T. 1213). 

H. scrphylliim T. Anders. (Bo.mbay— 

^odadi ; Saukashtka — Sarpal) is a procumbent herb 
with ovate-lanceolate leaves and purplish blue flowers, 
found from Bihar and central India to western and 
southern India. Its fruits are edible : the leaves arc 
eaten in rimes of famine (Shivnath Rai, 33 ; Gammie, 
Rcc. hot. Surv. India, 1902. 2 , 186). 

Hygrophila spinosa — see Asteracantha 

HYGRORYZA Nees (Gramineae) 

D.KP., HI, 423: IV, 316; FI. Br. Ind., VII, 95 ; 
Blatter & McCann, 270, IM. 184. 

A monotypic genus of acjuatic grasses found in 
India, Ceylon, Burma and Malaya. H. aristata Nees 
(Sans, — Aratiyadhanya, aranyajali ; Hindi -Jan^li- 
dal: Bknc;. — (Iridium ; MAH.—Deohliala : Giij. 
Vanti : Tam. A'allipulln ; Kan. — Jyaralinmedlie ; 
Mal. Nirvalliptilln ; As.sam- Phntki, piitidal), a 
floating glabrous grass, with culms i. 0-1.5 
and narrowly oblong grains, is found almost through' 
out India, forming mats on the surface of water in 
tanks and ponds or creeping on wet ground. It is a 
perennial grass common in low lying areas and is 
often seen covering paddy fields in Assam during the 
rains. 

The grass is said to be reli.shed by c:attle. In Assam 
only the leaves are u:-.c*d as fodder. The grains 
(Bknc:ai. Wild Ric:e) are gathered and eaten by the 
poor. 'Lhey are rej)orted to be sweet, oleaginous, 
digestible and cooling and useful in biliousness (Fl. 
Madras, 1846; FI. Assam, V. 174; Burkill, I, 1214: 
Das, Bull. D> p. /Ignc., Assat}t, No. 10, 19^9, 4 ; Kirt. 
tV Basil, IV. 2654). 

HYMENACHNE Beauv. (Gramineae) 

A genus of perennial acpiatic or semiacpiatic 
grasses, distrilnited in the tropics and subtropics. 
'Lwo species are reported from India. 

H. amplexicaulis (Rudge) Nees syn. H. myurus 
Beauv. : H. pseudodntcrrnpta C. Muell. : Panicnm 
my urns H.B. & K. D.\l (Jkass 
FI. Br. Ind., VII, 39 ; Blatter ^ McCann. 155. 

I IiNDi — Dhamsiria. 

Bo.mbay — Pokalia ; Assam —Blial dal, dhop dal, 
karanga dal, tattn ; Manu^ur — Taboo. 
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A pcrenniaK creeping or floaiing acjuatic grass, 
with erect, spongy culms, 2-6 ft. higli, found com- 
monly in heels, liolas, marshes and wet places 
throughout the plains of Assam, Bengal, Bihar, 
Orissa, Deccan and Carnatic. The grass grows well, 
particularly in low lands where water accumulates 
during the monsoon. It can he propagated hy runners 
or seeds ; propagation hy runners is preferred. Planted 
in May-June, the grass begins to flower in Novem- 
ber December. It may he cut 3-4 times in a year at 
intervals of 2-^/2 months. The yield varies fnun 4tK> 
to 600 inaunds of green grass per acre in 3-4 cuttings 
I Dev Goswami, Indian Fn/g. N..S., 1954-55, 4 ( 7 ). 18]. 

'rhe grass is relished hy cattle at the flowering stage 
as green fodder, hay or silage, hut exclusive green 
feeding at an early stage leads to helminthic infec- 
tion. Analyses of the grass at the flowering stage and 
of hay and silage made from it. gave the following 
average values (dry basis): grcc// feed — crude protein. 
9.38; ether extr., 2.30: lihre. 22.10; N-free exlr., 
54.02: ash, 12.20: calcium. 0.13: and phosphorus, 
0.206",, : hay silaj^e — la ude protein, 7.5, 6.94 : 

ether extr.. 1.43, 1.85 ; fibre. 29.20. 27.80 : N-free extr., 
48.97, 45.51 : ash. 12.90, 17.90 : calcium, 0.141. 0.175 * 
and phosphorus, 0.186, 0.094^*;, respectively. The aver- 
age digestibility coefficients of the organic nutrients 
are as follows: ^reefi feed — crude protein, 61.^ ; ether 
extr. 37.9: crude fibre, 60.5: and N-free extr., 67.0; 
hay silafr (» ; crude protein, 42.4, 43.9 ; ether extr., 
39.1. 40.9: crude fibre, 70.7, 69.3: and N-free extr.. 
60.6, 60.3 respectively. Metabolism ex|H'rinients indi- 
cate that the protein content of the grass is high 
enough to meet the normal re([uirements of adult 
bullocks at rest, hut the calcium content is low. The 
grass is comparable to many cultivated fodders in its 
protein content (Talapatra & Dev Goswami, Indian J. 
vel. Sei,, 1949, 19, .9). 

The |)ith of the grass is used in Malaya and Java 
as a siihstitute for lamp wicks and in Assam, for 
making garlands. Studies on the influence of aipiatic 
vegetation on the breeding habits of ano|>heline mos- 
([uitoes in stagnant pools have shown that dal grass 
has a harmful effect on the proportion of anopheline 
spp. attaining the adult stage (Burkill, f, 1214: Dev 
Goswami, loc. cit. : Sen, J. Malar. Inst. India, 1941-42, 

HYMENOCALLIS Salish. {Amaryllidaeeae) 

f irminger. 335 : Bailey, 1949, 256. 

A genus of hulhous herbs chiefly native of America. 
Commonly known as Spider Lilies, various species of 


the genus are cultivated throughout the world for 
their beautiful fragrant flowers. 'I'he bulbs of some 
species are reported to he j>oisonous. Three species 
are grown in Indian gardens. 

//. liltoralis (jacep) Salish. syn. //. anierieaiui Roem. 
is an ornamental herb with strap-shaped erect leaves 
( 1. 5-2.5 ft. XI. 0-3.0 in.) and white fragrant (lowers 
borne on a llattened scajie 1-2.5 usually 

grown on the edges of jiaths and blossoms appear 
during the rains. Propagation is don<* hy ollsets or 
divisions of bulbs. H. sjyeeiosa Salish. and II. lenni 
flora Herb, are other sj>ecies grown in Indian gardens. 

The bulbs of II. littoralis are used as a vulnerary in 
the Philippines. They ctintain 0.0015'!,. Ivcorine 
(C,,.11,70,N : m.p., 280°) and 0.03",, la/ettine 

(C,JL, 0 -N : m.p., 210-11") (Brown, 1941. I. 381: 
Wildman vV Kaufman. J. Anier. cheni. Soe., 1954. 76 , 
5 ^< 5 )* 

HYMENODICTYON Wall. (Rnhiaeeae) 

A small genus of trees or shrubs distributed in the 
tropical and suh-tropical parts of Asia and Africa. 
Three species occur in India. 

H. excelsum Wall. 

D.K.P., IV. 317 : FI. Br. Ind.. III. 35. 

Sans. — Bhratnarchhallika, nifraifandha ; I Iindi- - 
Hhaidan, kiikurkat, hhtnknr : Bknc;. — Latiharnni : 
Mar. — Blionrsal, dancelo : (irf. — Antarchhala, 

dondro ; Tel. — Dndippa, dadi\etta, hurja : 'Pam.- 
I’ellei kadanihii, sagafyn, f)eranj(di : K:\s.--Bandara- 
\anni, vllari ; Mai.. — Itthilei, nichan, vella katanilm ; 
Oriya Bndoka, konoo. 

Pi'N’IAK — Knkarhal, harthoa ; ^^vAwi. -Lalikarain ; 
Assam Kodotn, din^~dolon<^-sir, idiurhnndi ; M.P. 
Bohar, fyolnr ; Saurasii i ka Bhatnarchhal ; Bombay 
—Kohhkadu. 

Trade — Knthan. 

A medium-sized to large deciduous tree usiiallv 
with a rounded crown and straight cylindrical hole 
up to 30 ft., found scattered in the dry mixed decidu 
ous forests throughout the greater jiart of India, 
ascending to an altitude of 5.000 ft. Bark greyish 
brown : leaves opposite, ovate-elli|)tic to ohovate- 
ohlong, 4 -10 in. X 3-5 in., abruptly acuminate, piihe.s- 
cent : flowers small, greenish white, fragrant, crowd- 
ed on the branches of erect terminal panicles : 
capsule ellipsoid, c. 0.75 in. long, on stout recurved 
|)edicels: seeds numerous, small, winged. 

II. excelsum, which re(|uires a deep porous .soil, is 
particularly common on loose dry deposits of boulders 
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and debris along ilu* base of rlie outer bills in tlic 
siil)-Iliinalayan trad ; il is also l're(|uently mci with 
on sandy or stony soils or alluvial ground near rivers 
and in savannah lands. It is a strong light deinander 
( rroup, 11, ^25). 

rile tree sheds its seeds in Ajiril May and seeds 
germinate at the eommeneeinent of rains. The tree 
tan he propagated artilieiallv. though with some dilii- 
t’uliy : stump jilanting gives better results than entire 
irans|)lanting. I'lie tree eoppiees freely. Il grows fairly 
fast, the mean annual girth increment being 1.15 in. 
('rroiip. Il, 625: Katlamhi tV Dahral. Indian For., 
1 955, 81 , 129). 

The wood is white when first exposed, ageing to 
light brownish grey, with no distinct heart wood, 
rather lustrous, straight-grained, coarse- to even-tex- 
tured and moderately soft and light (sp. gr.. c. 0.50 ; 
wt.. 32 Ih./cu. ft.), 'riie wood seasons well : girdling 
the tree and green conversion give best results. Kiln 
seasoning also gives satisfactory results. 'I’lie wood is 


not durable in exposed positions or in contact with 
ground, hut lasts fairly well uiuler cover. Il saws with 
ease and machines and turns well. The data for its 
comparative suitability as limber, expressed as percen- 
tages of the same properties of teak, are: wt., 70: 
strength as ;\ beam. 50 : stillness as a beam, 55 : suit- 
ability as a post. 50 : shock-resisting ability, 55 : reten- 
tion of shape. 75 : shear, 75 ; and hardness, 50 
I Pearson ^ Brown, II. 636 ; Limaye, Indian For. Rcc., 
N.S., lUil., 1944, 3(5). iS|. 

'i'he wood is used for box planking, scabbards, 
grain measures, rollers and bobbins for jute milling, 
picture and slate frames, mathematical instruments, 
pencils, drums and toys. It is suitable for cheap furni- 
ture. brusliware. match splints, tea chest plywood, 
barrels and slack cooperage (Pearson cS: Brown, II, 
636: Trotter. 1944. *-> ■ Ri^^linian Askari, Indian 
For., 1956. 82 , 314). 

The hark is used for tanning. The astringent inner 
bark is used as a febrifuge and antiperiodic. especially 
for tertian ague. It contains a feebly toxic crystalline 
alkaloid, hymenodictyonin I and a bitter 

substance (C. ,I I The presence (»f aesculin (or 

/i-methyl aesculetin) and sco|>oletin has also been 
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ivponcd. riic powdered wood is iiscil in licrpes in 
Iiido-China (Kin. l^asu, II, 1259: Burkill, I, 1216 ; 
WchmcM*, II. 1166 ; i'.licw. Ahslr., 191S, 12, 1474. H32). 

'rho leaves are used for dyeing and as eat lie fodder. 
Analysis of the leaves gave: nitrogen (N), 2.^6; and 
ash. 10.05 ',, (Puri, induni For,, 1954. 80, 7o<)). 

H. obovatum Wall. 

D.K.P., IV. 519: KI. Br. Ind., II, 56. 

Mak. — Kadxva-sirid, kamud ; Ta.m. Vella mala kai, 
ilaimcriray ; Kan. -/iug/, hiremara, <^andclc, 

A inediiini-si/ed deeiduoiis tree distrihiited in the 
monsoon forests of the western ghats. Bark thick, 
soft, grey, exfoliating in irregular scales : leaves 
ohovate. 4-6 in. x 1,75-5 in., ahruplly acuminate: 
flowers small, greenish white in dense jianicled 
spikes : capsule ovoid, rough, on very short erect 
Jicdicel. 

The inner hark is hitter and astringent : it is used 
«'is a suhstituic for (|uinine. 'Mie wood is brownish 


grey, soft and light to moderately hea\y (wt., 2S 5S 
Ih./cu. ft.) : calorific value, 4.554 cal., 7.S02 B.t.u. 
(Bor, 291 : (lamhle. 407, Krishna Kamaswami, 
Indian For. Bull., N.S., No. 79, 1952. iS). 

HYOSCYAMUS Linn. (Solanacrae) 

A genus of herbs native to the Mediterranean 
region and temperate Asia and inirodiKed into many 
parts of the world. 'Pwo species otciir in India : one 
exotic species has been introduced. 

The (hied leaves and flowering tops of a number of 
H\osc\ainus species constitute the drug IIknbank of 
commerce. 

H. niger Linn. Hknbam:, Black IIlnhanl 

D.L.P.. IV. 519: KI. Br. Ind., IV. 2^4. 

Sans. — Dif^xa, fyarasikaxa ; . Pkks. — Bazt idhaiu^ ; 
Hindi Khurasaniajra\an ; Bv.nc. Khorasani- 

ajoivan : Mar. Khorasanivova ; (h j. — Khorasani- 
ajmo : 'Ffl. — Khurashaiiivamam ; 'Pam. Kura.sani- 
xoniani ; Kas. -Kliurasanivadaki. 

An erect, viscidly hairy, foetid annual or biennial, 
up to 5 ft. high, occurring in western Ilimalavas 
from Kaslnnir to Kumaon, at altitudes of 5.000 
i2,(W)o ft. Leaves radical and (auline, coarsely dentate 
to pinnalely lohed ; flowers yellowish green, sessile or 
suh-sessile. in terminal scorpioidal cvmes : pyxidium, 
0.5 in. diam. : seeds numerous, minute, oval or 
slightly kidney-shaped, c. 1.5 mm. long, brown, 
marked witii fine hut conspicuous reticulations. 
Attempts have been made to culti\'aie the plant in 
Kashmir, Punjab. U.P.. Ajmer, Bombay and Nilgiris 
and plants rich in alkaloids have been successfullv 
raised at Yarikah in Kashmir, where systematic cidti- 
vation has been undertaken. 

T he annual form is somewhat slender, imhraiu bed 
(»r slightly branched : leaves less distinctly toothed 
than in the biennial : corolla pale with poorly deve- 
loped or purplish veins. In the biennial form, the 
aerial stem develo|)s only in the second year ; in the 
first year the herb consists mainly of roots and a 
rosette of radical leaves. Leaves of the first year ovate- 
lanceolate or oblong-ovate (6 12 iii.x v ^ in.) with 
broad flat petioles 2 in. or more in length : those 
of the second year more or less sessile. o\ate to 
triangular (2-8 in. x i 5 in.), cordate : aerial stem 
coarse and hairy : flowers yellow with purple veins. 

The biennial is usually cultivated for the ]>urpose 
of collecting the drug. The plant recpiires a well- 
drained, fertile, .sandy loam or silt loam. Forest soils 
and waste lands ric h in organic matter and free from 
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weeds are siiital)le. Propagarion is by .seed and pre- 
ireatmeiu witli concentrated sulphuric acid for about 
75 sec(»nds followed by washing, or exposure lo freez- 
ing temperatures are reported to facilitate germina- 
tion. Seeds are sown brf)adcast or they may be sown 
in a nursery and seedlings transiilanted in the field, 
the distance between plants being 4 in. When .sown 
broadcast, the .seed rate is 2-3 lb. per acre. On account 
of their small size, .seeds are mixed with fine dry earth 
before sowing. Shallow sowing (0.25 in. below surface) 
is recommended, 'fbe seeds germinate in 2 4 weeks 
depending on the weather. When rosettes of radical 
leaves appear, the plants are thinned out and the field 
hoed and weeded. During transplantation, the root 
is likelv to be injured : better results are achieved by 
transplanting lair-sized plants. Freejuent irrigation in 
the early stages is nece.ssary. Application of inorganic 
nitrogenous lertilizers and ample sunshine are favour- 
able lor the develo|>ment of the active principles. 
1 lenbane has also been grown as a mixed crop. 

I be main pests of henbane are potato beetle and 
its larvae. Spraying of jilanis with rotenonc and pyre- 
tbrin, and rotation of cn^ps are effective in warding 
oil the pest. I lenbane is also affected by a few virus 
diseases. 

Dried leaves and flowering tops constitute the drug 


lienbane (IIyo.scyamu.s, Hyoscya.mi IIkkra). In the 
ca.se of the annual, leaves and tops are picked at 
the time of flowering ; in the ca.se of the biennial, the 
first year leaf is collected late in summer and the 
.second year leaf at the time of flowering. leaves 
are dried in the sun for 3-4 days or in the shade for 
7- 10 days before packing. The yield of dried leaves 
is about 14 lb./i(x) lb. of green material. A yield of 
2-3 md. of dry leaves jier acre has been obtained at 
Yarikab : yields up to 6 md. arc reported under 
favourable conditions. 

For seed collection, plants are left in the field until 
the fruits ripen and pulled out from the roots before 
the fruits clehisce. They are .spread in the sun for 
2-3 days and raked with sticks when the fruits burst 
open. The .seeds are then collected. A single plant 
yields c. io.(X)o .seeds. Seeds arc stored dry and they 
retain their viability for several years (Kapoor rl al., 
]. sci. industr. Res., 1953, I2A, 238 : Hull. Minist, 
/Igr/V., I Aim!., No. 76, 1951, 28 : 'frea.se, 501 ; Heniley 

I'riinen, III, 194 : Laruelle, /. PUarw., Ia)ii(I., 1950. 
2, f)02 : 1 locking, Econ. Rot., 1947, 

Henbane is valued principally for the alkaloids 
pre.sent in most parts of the plant, particularly in the 
leaves and flowering tops. Besides the alkaloids, it 
contains volatile bases similar to tbo.se present in 
belladonna leaf, a bitter glycoside byoscypicrin, 
choline, mucilage and albumin : it is rich in potas- 
sium salts. On destructive distillation, the leaves yield 
a poisonoiLs empyreiimatic oil ('rborpe, VI, 203 : 
Hocking, loc. cit. : 1955, 674). 

The total alkaloids present in the various parts of 
the plant are as follows: roots, 0.16; leaves, 
0.045-0.08; flowering tops, 0.07 o. to; and seeds, 
0.06-0. to*:,'. Leaves collected from wild or cultivated 
plants in Kashmir, al altitudes above 5,(xx) ft. 
contain 0.05 to 0.092",, total alkaloids. The alkaloid 
content of tetrajiloid jilanis, raised on air experi- 
mental scale, has beeii found to be considerably 
higher ; a partial octaploid .sample showed an 
increase of 34% in total alkaloids (Henry, 66 ; B.P.C^, 
1949, 423: Kapoor ct al., loc. cit. ; Chrm. Ahstr., 
1946, 40, 1631). 

The alkaloid content of the leaves increases with 
maturity and reaches the maximum at the time of 
flowering, after which it decrea.ses. The leaves of 
plants grown in higher altitudes (above 5,000 ft.) are 
richer in alkaloids than those of plants grown in the 
plains. The branches are richer in alkaloids tlmii the 
main stem. Unripe fruiis contain more alkaloids 
than ripe ones. 'I'he alkaloid concentration increases 
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in the seed with ri|X'niiig and then decreases. Hie 
roots contain the highest concentration oi‘ alkaloids 
at the end of tlie vegetative period and secondary roots 
arc richer in alkaloids than primary roots. 'Fhe root 
liark contains more alkaloids than the wood {Chem, 
Ahslr., 1932, 26 , 3621 ; Kapoor cl al.y loc. cit.). 

The principal alkaloids present in the various parts 
of henbane are hyoscyaminc (C,,IIa;,0;jN : ni.p., 
106 09°) and hyoscine or scopolamine (Cj.n2i^\N ; 
m.p., 55°), the latter in a smaller ([iiantity ; traces of 
tropine and scopoline are also present. Atropine occurs 
only in the roots of biennial plants at the end of the 
vegetative period. Mature leaves are richer in hyoscy- 
amine than hyoscine ; tender leaves are relatively 
richer in hyoscine ('’J'horpe, Vh 203: Henry, 66; 
Hocking, loc. cit.; U.S.D., 1955, ^ 75 * /l/;.s 7 r., 

1932, 26 , 3621). 

Hyoscyaiiuis is marketed in more or less compress- 
ed, flattened masses or broken pieces with a greyish 
green colour, clammy resinous feel, an unpleasant 
odour and a hitter, slightly acrid taste. The official 
drug contains: alkaloids (calculated as hyoscyaminc), 
<(0.05';,) ' i^^h, )> 2 o' V, : foreign organic im|)urities, 
J>2Vn : stems with diam. more than 5 mm., ^3Vu- 
Powdered hyoscyamus (alkaloids as hynscyamine, 
<J^o.o5Vn). rujuid extract (alkaloids as hyoscyamine. 
0.045 -0.055 Vo), extract (alkaloids as hyoscyamine, 
0.27-0.33'/,,) and tincture (alkaloids as hyoscyamine, 
o.oo45-o.(K)55Vn) are also official in H.P. (Im. P., I. 
115 18 ; B.J\, 270 74: Wallis, 291). 

The therapeutic value of hyoscyamus is c'ompa table 
to that of belladonna, which also contains hyoscya- 
mine. The action of hyoscyamus, however, is modi- 
fied by the presence of a comparatively larger 
cjuaniity of hyoscine which jiroduces a central 
narcotic effect (U.S.l)., 1955, 675 : Allport, 34). 

Hyoscyamus has anodyne, narcotic and mydriatic 
properties. It is principally employed as a sedative 
in nervous affections and irritable c'onditions, such as 
asthma and whooping cough, and is substituted for 
opium in cases where the latter is inadmissible. It is 
also used to counteract the griping action of purga- 
tives and to relieve spasms in the urinary tract. In 
veterinary practice, it is u.sed as a urinary sedative. 
Hyo.scyainus leaves have been employed externally to 
relieve pain, bur their utility for this purpose is not 
well established (Kirt. Basil, III, 1795 ; I.P.C., 121 : 
B.P.C., 1949, 424). 

The present output of hyoscyamus from wild 
plants in India is limited and falls short of the grow- 
ing demand of the pharmaceutical industry. Further, 


collection of drug from distant an<l scattered places 
entails expenditure and the yield of alkaloids is 
variable. To overcome these diiliculties systematic 
cultivation of hyoscyamus has been taken up at 
Yarikah in Kashmir. 

The plant is used in indigenous medicine, along 
with other ingredients, for diabetes. Dried leaves and 
flowers arc sometimes smoked like gr///;V/ (Koman, 
1918. 21 : Modi, 642). 

The seeds are more or less odourless and are slightly 
hitter to taste. They contain an amber-coloured oil 
(25-30%) with the following constants: t/].; ,0.923- 
0.939; nj"’, 1.4693; sap. val., 181 194 : iod. val., 
122-151; hydroxyl val., 40; R.M. val., 0.4 i.i ; 
Polenske val., 0.4-0.6 *, llehyier val.. 94.07 ; imsjipon. 
matter, 0.3 -2.6%. The component fatly acids are: 
inyristic, 0.3 : palmitic. 6.5 : stearic. 1.6 : oleic, 35.2 ; 
and linolcic, 56.4'//.. The unsa|>onifiahle matter con- 
tains a phytostcrol (C'2 hH,^O.H..O : m.p., 119 20'"). 
The oil is non-toxic and edible. The meal may he 
utilised for the extraction of hyoscyamine and atro- 
pine. The seeds also contain gums (6.2".,) and resins 
(Wehmer. II, 1087 : Wallis, 294 : Fakey, 739 ; Clicfn. 
Ahstr,, 1934, 28 , 2557 : 1935, 29 , 5294 : 1937. 31 , 108). 

The seeds possess anodyne and narcotic properties 
hut they liave l)een rarely used in medicine. 'Hiey are 
employed mainly for the extraction of alkaloids. 
Mixed with wine, they are applied to gouty enlarge- 
ments and swellings. Powdered seeds and smoke from 
burning seeds are applied to relieve toothache. A 
suppository prepared from .seeds is used in |)ainful 
affections of the uterus. The seeds are al.s(» employed 
in poultices for eye troubles (Burkill. I. 1217). 

The plant, especially the seeds, in large do.ses. 
produces poisonous effects similar to iho.se of <latura 
poisoning, such as dryness of the tongue and mouth, 
giddiness and delirium. 'Hie plant if eaten by live- 
.stock affects the yields of milk and butler (Modi. 641 : 
Chopra rt r//.. 52). 

11 . viuiictis Linn. (Foyi'iia.n Hknb.xnk) is a peren- 
nial herb allieil to 11 . iiiii;cr, distributed in the sandy 
parts of Fgypt, extending eastwards to West Pakistan. 
It has been cultivated on an experimental scale in 
Kashmir, Saharanpur and a few other places and is 
known by the same vernacular names as those of 
11 . ntger. 

The drug Egyptian Henbane (Hyo.scyami Mriica 
Hkkba) from H. tuuliciis, is obtained chiefly from 
Fgypt. It differs from hyoscyatnus obtained from 
11 . ttl*fcr by its striated cuticle and usually branched 
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rrichomcs witli unicellular heads. It is generally 
available in matted masses of leaves intermixed witli 
stems, dowering tops, and also a lew fruits. The main 
niacroseopic features of the drug are: stems longi- 
tudinally striated : leaves pale green to yellowish, 
petiolate or suhsessile varying in shape from rhom- 
hoidal to broadly elliptic; (up to 6 in. X4 in.), entire 
or dentate : flowers yellowish brown, sometimes with 
deep purple patches : fruit a pyxidium ; seeds minute, 
with reticulate testa. The drug should contain <J^o.5‘X. 
of the alkaloifis (calculated as hyoscyamine), 5>3oV;', 
ash, J>2.oVo foreign organic matter and J>i.o% of 
stems of more than 6 mm. diam. 'Fhe drug is ofticial 
in the Indian Pharmacopoea (Int. 1\, 1. 118-20; 
Wallis, 295 ; I.P., 269). ^ 

//. mutiviis contains a liighcr |)ercentage of total 
alkaloids than H. ni^cr. The highest concentration 
of alkaloids is found in the floral parts. Concentration 
of hyoscyamin in the various parts of the Kgyptian 
plant is as follows: leaves, up to 1.4: stems, 0.6: 
and seeds, 0.9-1. VV>. The amount of alkaloids report- 
ed to be present in plants from [Pakistan is somewhat 
less. The alkaloids j)resent in the drug are hyoscya* 
mine (c. 90”,, of the total alkaloids), hyoscine (0.02 Vo)» 
tetramethyl diaminobiitane (CJ l.j„Na : h.p.. 169"), 
and traces of atropine. The drug is used for the extrac- 
tion of hyoscyamine for suh8ec|uenl conversion to 
atropine. A product containing tlie total alkaloids in 
the form of sulphates has been found suitable for 
ophthalmic use (Henry, 66: Chopra c/ ni, J. sd. 
uidustr. Res., 1949, 8 , 14 : Bull, ittijy. Insl., LmicL, 1903, 

I, 175: Cheni. /1/;.s7r.. 1949, 43, 9380: H.P.C., 1949, 
425 : llanda & Ahrol, /. sci. indnstr. Res., 1954, 13B, 
221 : Amor et nl., Phanu. J., 1946, 157, 88 : Wehmer, 

II, 1 088). 

The leaves of //. viuticu.s are smoked in Africa and 
India for inducing intoxication. The toxic elfects are 
more intense than tho.se produced by H. niger, leading 
to dryness and constriction of the throat, and severe 
delirium (Mill, 285: Kirt. Ba.su, III, 1797). 

//. alhus Linn, is a herb with white flowers, found 
in the Mediterranean region. Its pro|)erties are similar 
to those of oflicial henbane, for which it is often 
substituted. Tbe various parts of the plant contain the 
following amounts of total alkaloids (hvoscyamine 
and hyoscine): leaves, 0.2-0.56: roots, 0.1-0.14: and 
seed.s, 0.16%. ilyoscyamus .seeds available in Indian 
ba/aars are .said to be imported from Middle Last 
countries and probably belong to //. albus and 
II. fjiuticus (Henry, 66). 

If. pu.dllus Linn., a herb occurring in Ladakh, has 


been reported tf) he poisonous (Chopra iSi Badhwar, 
Indian ]. agric. Sci., 1940, 10, 34). 

Hypabyssal Rocks — see Building Stones 

HYPECOUM 1 ann. [Papaveraceac) 

D.E.P., IV, 322 : FI. Br. Ind., I, 120. 

A genus of herbs distri])uted in the Mediterranean 
region and temperate Asia. One species occurs in 
India. 

H. leptocarpinn Hook. f. & Thoms, is ati annual 
herb found in Sikkim at altitudes of 12,000-1 4, (xx) ft. 
Stems many, procumbent, 6-12 in. long, miich- 
branchetl : leaves bipinnati.sect, uppermost linear, 
whorled ; flowers pale purple, irregular : fruit 0.5 in. 
long, very slender, breaking up into one-seeded parts. 

The opium alkaloid protopine (Ca„H,.,0.,N : m.p., 
207") found in a number of genera of Papaveraceae, 
has been i.solated from this plant. In small doses proto- 
pine has narcotic action, slows the heart and lowers 
the bl(X)d pressure (Manske ^ Holmes, IV. 158*, 
Henry, 299, 305). 

H. procumbens Litin.. a related species occurring 
in West Pakistan, also contains protopine. 'Fhe juice 
of the plant has the satne effect as opium : the leaves 
are diaphoretic (Henry. 173). 

HYPERICUM Linn. {H\pencaccae) 

A genus of herbs, shrubs or small trees distributed 
chiefly in the temperate regions of the world. About 
20 species occur in India and .1 few exotics are culti- 
vated in gardens. 

H. japonicum Thunb. 

FI. Br. Ind., T, 256. 

An annual, erect or procumbent herb found in the 
temperate and sub-tropical Himalayas, north-easterti 
India and th": Deccan Peninsula. Stems up to 15 in. 
long, 4-angled : leaves amplexicaul, elliptic or ovate, 
j)ellucid-punctatc : flowers yellow, in dichotomous 
cymes : capsules ovoid, with persistent calyx ; seeds 
oblong, ribbed. 

In China and some neighbouring countries, the 
plant is considered astringent, alterative and vulne- 
rary. In Madagascar, it is u.sed in asthma and dy.sen- 
tery and as styptic (Kirt. & Basil, I, 258 : Biirkill, I, 
1217). 

The plant has been suspected of causing photo- 
sensitisation, but feeding trials in New Zealand have 
shown that it is non-poisonous (Connor, Bull. Dep. sci. 
indust r. Res., N.Z., No. 99, 1951, 45). 
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FIG. m HYPKRICUM JAPONICUM-FLOWbRlNG PLANI 

H. patulum Thiinb. 

D.E.P., IV, 323 : Kl. Br. Ind., I, 254 : Kirt. & Basu, 
PI. loiB. 

Nkpal — I ' rilo • 1 ^kih:h.\ -- -T umhomri ; Bihar — 

Tumhhiil ; Assam L<t-syn-ril, 

A handsome, evergreen shrub up lo 6 ft. Iiigh, 
found almost throughout the temperate Himalayas 
and the Khasi, Jaintia. Manipur and Naga hills of 
Assam at altitudes of 3,ix)o-7,ix;)o ft. Branches slender, 
reddish ; leaves opposite, suh-sessile with decurrent 
leaf ha.ses, elliptic-lanceolate to ovate : llowers bright 
yellow, in few-flowered terminal cymes ; capsules 
ovoid, c. 0.4 in. long : seeds aromatic. 

The seeds are employed as aromatic stimulant. In 
Indo-China, they are used both externally and inter- 
nally for dog bites and bee slings (Kirt. & Basu, I, 

255)- 

'Flic wood is hard and close-grained : it can be 
worked to a smootli surface (Cowan Cowan. 17). 

H. perforatum Linn. Common Sr. John’.s Worf. 
Klamafu Weed. 

D.E.P., IV, 323 : FI. Br. Ind., I, 255. 

Hindi — Bassant, halsaua, dendhu. 


A rhizomatous perennial herb up to 3 ft. high, 
distributed in the western Himalayas at altitudes of 
3,000-10,500 ft. : stems 2-edgcd : leaves opposite, ses- 
sile, oblong, ovate or linear, 0.3-1 in. long, black- 
dotted ; llowers yellow, ( . i inch in diam., in terminal 
corymbose cymes : capsule ovoid, 0.3 in. long ; seeds 
many, small. 

'File herb has a characteristic balsamic odour and 
a bitter, resinous, somewhat astringent ta.ste. It is 
reported to possess astringent, expectorant and diure- 
tic profx^rties and has been used in pulmonary and 
urinary troubles, diarrhoea and lately in the therapy 
of depressional state. It has also been employed as 
an anthelmintic and emmenagogue. An oil known as 
St. John's Wort Oil (Oleum Ilyperici) is prepared by 
infusing the fresh flowers in olive oil : it is used exter- 
nally in the treatment of wounds, sores, ulcers, 
swellings and sometimes against rheumatism and 
lumbago : it is also valued as a sunburn oil and is 
recommended as a cosmetic a|)plication for lightening 
the skin. An ointment for use as hair restorer has 
been prepared from the acpieous extract of the plant 
(U.S.D., 1955 , 1720 ; Wren, 331 : Kirt. Basu, I, 255 : 
Perf, cssent. Oil Rri\, 1953 , 44, 29: Chcni. Ahstr., 

1954. 48, 1637). 

The principal constituents of the herb are: volatile 
oil (yield from (lowering herb, 0.06-0. 11“,, accortling 
to season), tannins (stems, 3.8: leaves. 12.4 : and 
(lowers, 16.2%), a resinous substance and a red lluore- 
scent pigment, hypericin |C;,„H,,0,, (decomp, above 
330®), 0.466“,,]. The herb also contains rutin, gluco- 
sides, alkaloids, a (ixed oil, vitamin (’ (0.13“,.), pro- 
vitamin A (up to 13 mg./ icx) g.) and the pigments 
pseudohypericin (C.,„IIa..O,„). hyperiiV |C2,H.j„0,2 : 
m.p., 237-38^ (decomp.) |. carotenoids, chlorophyll 
and a brownish red pigment. Hypericin has been 
identified as 4, 5, 7, 4', 5', 7'-hexahydroxy-2-2'- 
dimethyl-7uc,so-naf)hlhodianihrone ; hy|)erin is identi- 
cal with (piercetin 3-«-r/-galactoside. The fixed oil con- 
tains glycerides of stearic, palmitic and myristic acids, 
ceryl alcohol, phytosterol, and two hydrocarbons 
(QisHftH, m.p., 63“ and C.,,..H-,, m.p., 68°) (U.S.l)., 

1955, 1720; Chem. Ahstr,, 1957, 51, 8370; 1955, 49, 
9231 : Heilbron & Bunbury, II, 844; Brockmann & 
Muxfcldt, Naturzcisscuschiiftni, 1953, 40, 41 1 ; Brock- 
mann & Pampiis, ibid., 1954, 41, 86 : Wehmer, II. 
783: Chem. Ahstr., 1940, 34, 5878: 1954. 48, 6079: 
1947. 41, 7673). 

The volatile oil obtained by the steam-distillation 
of the flowering herb shows red fluorescence, often 
with a greenish tinge ; it has the following constants: 
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sp. gr.***, 0.8726; 1.489; -11.72®; acid, 

val., 1.6; ester val., 10.6; aldehydes and ketones, 
8.5% ; and phenols, 3.0%. The principal constituents 
of the • oil are terpenes and sesquiterpenes ; pinene, 
cineol, myreene, cadinene, gurjunene, esters of iso- 
valerianic acid (?). and hypericin are reported to be 
present [Krishna & Badhwar, /. set. industr. Res., 
1947, 6(3), suppl., 46; Wehmer, II, 783; Client. 
Ahstr., 1934, 28, 3179]. 

The plant is poisonous to livestock when eaten in 
excess ; it leads to photosensitisation and consequent 
dermatitis of the unpigmented portions of the skin. 
It is not, however, relished by cattle. The toxicity of 
the plant is attributed to hypericin which occurs in 
all parts of the plant. Hypericin causes haemolysis of 
red blood cells at dilutions as low as lo'^ on exposure 
to light. It is similar to haematoporphyrin in its 
action and is reported to be effective in the treatment 
of endogenous or exogenous depressions. Hyj>ericin 
dyes wool and silk deep violet-red while the shades 
produced on mordanted cotton vary from bright 
green yellow and brown black to weak rose ; the 
colours have poor light- and wash-fastness (Chopra 
et al, 216; U.S.D., 1955, 1720; Pace & Mackinney, 
/. Amer. client. Sac., 1941, 63, 2570; Client. Ahstr., 
> 947 . 41 » 7 ' 2 >)- 

Aqueous extracts of the plant inhibit the growth 
of Mycohacteriuni tuberculosis. Acetone extracts of 
ripe capsules show strong in vitro anti-bacterial acti- 
vity against Staphylococcus aureus (Client. Ahstr., 
1954, 48, 13800 : 1955, 49, 8389). 

//. perforatum has become a troublesome weed in 
some countries. Spraying with 2,4-D is reported to be 
effective in eradicating the weed. Biological control 
through insects has proved effective against a variety 
of this weed in Australia |Ram Copal, Indian Fmg, 
N.S.. 1954-55. 4 (10). 23; Clark, Aust. J. Hot., 1953. 

95]- 

H. humifusuni Linn, is a procumbent, perennial 
herb with elliptic to ovate leaves and few-flowered 
terminal cymes, occurring in Nilgiri hills. In Europe, 
an infusion of the flowers in olive oil or alcohol is 
used as a vulnerary, chiefly for old sores and eczema. 
//. hookerianum Wight & Am. is a handsome shnib, 
6-8 ft. high, with golden yellow flowers, found in 
Sikkim, Khasi and Jaintia hills and the Nilgiris. It is 
grown for hedges ; its scented seeds are medicinal. H. 
mysorense Wight & Arn. is an ornamental bush, 
4-6 ft. high, with fine yellow flowers, found from 
Konkan to Pulney hills at 3,000-5,000 ft. It is suitable 


for shrubberies. H. sampsoni Hance is a perennial 
herb, c. 1 ft, high, with oblong pellucid-punctate 
leaves and lax cymes, found in Khasi hills. It is 
reported to be used in Tonking as a vulnerary. 
H. lalandii Chov&y, a tufted herb also found in Khasi 
hills, has a strong foetid smell |Kirt. & Basil, I, 257 ; 
Krishna & Badhwar, /. sci. industr. Res., 1947, 6(3), 
suppl., 45 ; Firminger, 61 1]. 

Of the exotics grown in Indian gardens, H. 
chinense Linn, is a small bushy shrub with ovate- 
elliptic leaves and terminal cymes of bright yellow 
flowers. It is propagated by divisions and is said to 
blossom almost throughout the year. The plant is 
astringent and alterative and is used by the Mundas 
in diarrhoea and vomiting. In Indo-China, the green 
twigs and leaves are made into a paste and applied 
to dog bites and bee stings. A number of species 
have been introduced in the Lloyd Botanic Carden, 
Darjeeling (Firminger, 61 1 ; Kirt. & Basil, I, 258; 
Bressers, 9). 

HYPHAENE Gaertn. (Palmae) 

A genus of palms distributed in parts of Africa, 
Mascarene Islands, Arabia and India. Two species 
are found in India. 

H. thebaica Mart. Egyptian Doum Palm 

Blatter, 161. 

A dioecious, dichotomously branched tree, c. 40 ft. 
high, native of Egypt and cultivated in Indian 
gardens. Leaves large, fan-shaped, crowded at the 
ends of branches ; flowers small, yellow, borne on 
spadices c. 4 ft. long, each surrounded by several 
cylindrical spathes ; fruit obliquely ovoid or oblong, 
bumpy, glo.ssy brown, punctate ; .seed adnate to the 
stone, ovate-conical, with narrow cavity surrounded 
by white, bony albumin. 

H. thehaica flouri.shes in rich sandy loam and is 
propagated by seed. Its growth, flowering and fruit- 
ing arc luxuriant in moist places, hut in dry situations 
the fruits become small (Chittenden, II, 1038 ; FI. 
Egypt, II, 275-76). 

The sweet, fleshy, fibrous pericarp of the fruit, re- 
sembling ginger bread in colour and taste, is edible. 
In Africa, it is pounded into a meal for use in cakes 
and sweetmeats. A decoction of it is used as a syrup. 
The unripe kernel is edible and used after pounding 
as a substitute for millet. The trunk contains sago. 
The young apical bud is eaten. The part of the 
seedling just below the ground is also edible. Young 
leaves are eaten by camels (FI. Egypt, II, 2f7 ; Dalziel, 
508 ; Blatter, 165). 
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The fruit is considered astringent and anthelmin- 
tic. The bread made from it has been recommended 
for fluxes. The roots are used for haematuria (FI, 
Egyp^ n> 277-78 ; Caius, /. Bombay not. Hist, Soc,, 
* 934 - 35 » 37 , 934 ; Dalzicl, 508). 

The hard fruit stone is used for rosary heads, cur- 
tain rings, perfume and snuff boxes. The hard 
kernel is used as vegetable ivory for making buttons. 
Nuts and buttons made from them are liable to 
attack by scolytid beetle, Coccotrypes dactyliperda 
Fabr. ; fumigation with calcium cyanide and treat- 
ment with BHC have l)een recommended as preven- 
tive measures. The ripe hard fruit has been used as 
an ingredient of preparations for dyeing leather 
black (FI. Egypt, II, 277 ; Dalziel, 508 ; Tewari, Indian 
For,, 1954, 417 ; Rao & Janaki, /. Bombay nat. 

Hist, Sot,, 1952-53, 51, 805). 

The leaves like those of many other palms arc used 
for thatching and for making mats, hats, baskets and 
bags. The fibre obtained from the leaves and roots is 
used for binding, rope making and fishing nets. 

The wood is light brown in colour with black 
stripes appearing as dots in transverse section. It is 
strong, compact and heavy and used for posts, beams, 
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doors, furniture, domestic utensils, waterpipcs, canoes, 
etc. Paper of good quality is obtained from the 
leaf pulp, but the yield of pulp is poor. The wood 
yields a pulp of inferior quality (FI. Egypt, II, 276 ; 
Chittenden, II, 1038). 

H, indica Becc. (Indian Doum Pai.m) is a closely 
related indigenous species, found on the west coast. 
It has been confused with H, thehaica by various 
authors (Burkill, /. Bomha\ fiat. Hist, Soc., 1908, 
15 f 929). 

HYPOCHOERIS I ann. (Co’tnpositae) 

FI. Br. Ind., Ill, 400: Fyson, II, PI. 301. 

A genus of annual or perennial herbs, native of 
South America and temperate regions of the nor- 
thern hemisphere. Some species have become natura- 
lised in several parts of the world ; one species occurs 
in India. 

H, glabra Linn, is an annual scapigeroiis herb 
found in Nilgiri, Pulney and Travancore hills at alti- 
tudes of 4,000-8,000 ft. ; it has also been recorded 
from Aka hills in Assam. Leaves radical, forming a 
rosette, oblong-lanceolate, up to 6 in. long, sinuate or 
pinnatifid ; scapes 4-16 in. long, sometimes branch- 
ed, usually several from each rosette, erect, ascending 
or decumbent ; flowerheads small, bright yellow ; 
achencs reddish brown, cylindrical. The fresh herb 
posses.ses vulnerary properties. Ix^aves are astringent. 
The root is tonic, aperient and diuretic (Cains, /. 
Bombay nat. Hist, Soc„ 1939-40, 41, 846). 

HYPOLEPIS Bernh. (Polypodiaccac) 

Beddome, Indian Ferns, 295. 

A genus of ferns distributed in the tropical and 
temperate regions of the world. H. punctata (I’biinb.) 
Mett. syn. Phegopteris punctata Bedd., with firm and 
wide-creeping rhizomes and iripinnatc fronds, 1-4 ft. 
long, is found in the Himalayas and As.sam hills 
at altitudes of i,ooo-5,o(X) ft. and at higher elevations 
in the western ghats. The fronds are used for 
poulticing boils in Malaya (Burkill, I, 1218). 

HYPOXIS Linn. (Atnaryllidaceae) 

A genus of acaulcscent herbs widely distributed in 
the warmer parts of the world. One sfKcies occurs in 
India. 

H. aurea Lour. 

FI. Br. Ind., VI, 277. 

3ihar — Bhuin khajur, dinda kinda, kita ho. 
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A hairy herb wirli siiliglobosc or elongate root- 
stock, found in the liilly parts tbrongbont India. 
Leaves radical with a sheathing base. narn)wly lin- 
t‘ar, 4-14 in. x(). i-o.h in., suhcoriaeeous, keeled: 
Howers yellow in 1-2 flowered slender scapes : 
capsule's oblong : seeds black, uiberculaie. 

'The rootstock is mucilaginous and swells in water. 
It contains small grains of starch and bundles ol 
rapbicles. In China and Malaya it is used as tonic 
and aphrodisiac. "I"he crushed rcjot is taken by 
Miindas in cases of emaciation and yellowing of 
eyes (Quisumhing, 176; Burkill, 1, i2i(;: Bressers, 

> 45 ). 

HYPSERPA Miers (Mcnir^pcmuiccar) 

FI. Br. Ind., I, too. 

A genus of vvoody climbers distributed in soutb- 
east Asia. Two species occur in India. 


H. empidata (Wall.) Miers syn. Limacia cuspidata 
Hook. f. & Thoms, is a somewhat stiff shriih with 
striate branchlets and ovate-oblong to elliptic-lanceo- 
late, acuminate, glabrous and glossy leaves, found in 
parts of Assam, Sikkim, Vishakapatnam and Anda- 
man Islands. The stems are used for making rough 
ropes in Indo-China. In Philippines, a fibre for bow 
strings is obtained from them. The leaves contain 
traces of an alkaloid and saponin (Burkill, I, 1220; 
Fox, Philipp. ]. Sci, i<;52. 81 , 26c)). 

HYPTIS Jac(|. (Uthuitac) 

A large genus of herbs or shrubs, native of 
America. A number of species have become natura- 
lized in warmer parts of the Old World. Four si^cies 
are found in India. 

H. brevipes Poit. 

FI. Br. Ind., IV, 630. 

An erect annual herb recorded from Andaman 
Islands. T.eaves aromatic, subsessile. lanceolate or ob- 
lanceolate, serrate, cuneate : flowers VTiy small, in 
axillary or terminal globose clusters : nutlets minute, 
dark brown or blackish jMukerjee. Rrc. hoi. Surv. 
India, 1940, I 4 (i), 62). 

The leaves are used in poultices for headache in 
the Pliilippines ; they are applied on the abdomen 
of children against worms in Java. A decoction of 
the stems and leaves is taken after child birth in 
Malaya. The plant is reported to be benelicial for 
bites, stabs and other wounds. It is sometimes used 
as a vegetable in Malaya and as cattle fodder in java 
I Fox, Philipp. J. . 9 ( 7 ., 1952, 81 , 208 ; Burkill, I, 1221 : 
/. set. Rrs. Jndoticsia, 1952, 1 (suppl.), ii : Dalziel, 
461 1. 

H. capitata Iac(|. 

Milker jee, Rcc. hoi. .Surv. India, 1940, 14 (i), ^> 3 - 

An erect annual herb found in Bengal. Leaves 
ovate-oblong, 6 - to cm. x 3-5 cm., serrate, shortly cune- 
atc ; flowers white, in globose heads on long 
peduncles. 

1 he plant is considered tonic, stimulant and exci- 
tant. In the Philippines, a decoction of the roots is 
used for amenorrhoea ; that of leaves is used for 
cleansing wounds. The leexves contain a flavonol glu- 
coside (CaTllMoOi.-.^lIiO : m.p., 158-60°) which on 
hydrolysis gives kaempferol, glucose and rbamnose. 
The roots, stems and leaves are cyanogenetic (Q\n^^ 
limbing, 817, 1046: Chetn, Ahstr., 1952, 46 , 6330). 
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H. pectinata Polt. 

Miikcrjcc, Rec. hot. Surv. India, 1940, I 4 (i), 64. 

An erect, perennial shrub found in Assam, Bengal 
and Madras. Leaves ovate, very variable, crenaie- 
serrate ; flowers pale purple or yellow, in eymose 
clusters arranged unilaterally : nutlets small, oblong, 
black. 

Ill Mc'idagascar, the plant is considered aromatic, 
tonic, anthelmintic, antispasmodic, emmenagogiie, 
vermifuge and odontalgic. A decoction or infusion of 
the flowerbeads is given in fever and lor chest 
troubles. The leaves are used in fever and numd- 
worms and as poultice in chest complaints. They are 
also employed in the treatment of horses sullering 
I'rom diseases accompanied by mucous catarrh. 'J1 k* 
leaves contain an essential oil and are used for fla- 
vouring. A crystalline, bitter lactoiiic siibsiaiicc. 
byptolide (CiJIa.iOn; m.p., 8S.5^ ; |a|;' , • 

yield, i has been ist)lated from the leaves (Dalziel, 
460: Chains, /. Boinha\ nai. Hist. Soc., 1940 41, 42 , 
V;* * Lit bens, 92 ; Webmer, II, 1075). 

H. suaveolens Poit. 

Kl. Br. Ind., IV, 630. 

Hindi — W'ilayati tnlsi : Bkn(;. -liilali I nisi : 

OiuvA — Ganga tnlsi, pnrodo. 

Bihar — Bliunsri, dimhnhnha, ara gnsitnipnrn. 

A rigid, sweetly aromatic herb, sometimes attain- 
ing a height of 7 ft., found in Deccan Peninsula, 
north-east India and Andaman and Nicobar Islaiuls. 
Leaves broadly ovate, very variable, 2.5 11 cm. long, 
sinuate-denticulate, tomentose ; flowers small, blue, in 
unilateral axillary or terminal clusters often arrang- 
ed in ])anicles ; nutlets blackish brown, ovoid, com- 
presse(l. 'I’he plant is also grown in gardens. 

The plant is used as green manure in certain 
parts of the west coast. The shoot io|)s are edible, 
rbey are sometimes used for flavouring : they are 
also u.sed as an adulterant for patchouli leaves. An 
infusion of the leaves is taken as a beverage. In 
java, the plant is used as cattle fodder (yuisumb- 
ing, 818; Shivnatb Rai, 34: Finnemore, 805: 
Dalziel, 461). 

H. suaveolens is considered to be stimulant, car- 
minative, sudorific: and lactagogue. An infusion of 
the plant is used in catarrhal conditions, affections 
of the uterus and parasitical cutaneous diseases. The 
Mundas use the plant for headache and as snuff to 
stop bleeding of the nose. 'Fbe leaf juice is taken in 
cases of colic and stomachaches. In the Philippines. 


FIG. lOI. HYPTIS SUAVFOI FNS— FI OWFRING BRANC H 

the leaves and tops are considered to be ;miispasmodic: 
and used in anfirbeiimatic and aniisuporilic baths. A 
decoction of the roots is valued as an appetiser. 1'be 
rooi is chewed with betel nuts as a stomachic (Kiri. 

Basil. HI. 20 • Burkill, T. 1221 : yuisiunbing. 818 : 
Bres.sers, 1 18 ; Dalziel. 461). 

The plant yields 0.06'',, of a greenish yellow ethereal 
oil with the following characteristics: sp. gr.*‘ , 
0.8824 ' • 1-4^4^ : I'^l -4 F^ : sap. val., 6.2^ : sap. 

val. after acetylation. 49.35 : and acid val., 0.2. 
Analysis of the oil gave : /-sabinene, 31 ; cZ-limonene, 
12; azulenic ses(juiter|KMie, 17.0; and unidentified 
sescjuiterpenes and sesipiiterpene alcohols, 40’,. 
(Navak cV Guba. J. Indian c/ieni. Soc., 1992, 29 , 

The seeds contain 13'*.. of a fatty oil (iod. val.. 
140.2). The roots, stems and leaves contain traces of 
hydrocyanic acid (Jamieson. 461; : Quisumbing. 
1046). 

Hyssop — sec Hyssopus 
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HYSSOPUS l.inn. (L^ihiaiac) 

A small genus iiiulcrshnibs, native of the Medi- 
terranean region and temperate Asia and naturalised 
in parts of Europe and America. One species occurs 
in India. 

H. officinalis Linn. Hyssop 

D.K.P., IV, 324 : LI. Br. Ind., IV, 649 ; Kirt. 
Basil, PI. 760 A. 

An aromalic. sliriihhy perennial, 1-2 ft, high, 
round in ihc Himalayas from Kashmir l<i Kumaon 
at altitudes of S.ikxm i,o(K) ft. Branches erect or 
dilfuse : leaves sessile, linear-ohlong or lanceolate, 
obtuse, entire : flowers bluish purple, in axillary tufts 
arranged unilaterally on terminal branches: nutlets 
(lark brown, narrow, trigonous, smooth. The her!) is 
( ultivated in Kiirope mainly for its essential oil ; it 
is also grown in gardens for ornament. In India, it 
has been successfully (ullivated at Baramulla (alt., 
5.500 ft.) in Kashmir. 'Hie plant thrives in light rich 
soil in hill stations. It may he propagated by seeds, 
cuttings and divisions. 

Hie leaves and (lowering tops of hyssop have an 
agreeable aromatic odour and a warm, pungent, 
bitterish taste. They are employed as flavouring for 
salads and soups, and also in the preparation of 
licjiieurs and perfumes. Occasionally the green parts 
are used as pot-herb (U.S.I)., 1947, >4^h : Ecoti. Boi., 
i(;5o, 4 , 55 ; Bailey, i(;47, II, 1654 : Clhopra rl (//., /, sci. 
industr Res, i<;49, 8, 14). 

Hyssop is considered stimulant, carminative and 
pectmal, and used in medicine. An infusion or tea 
pre|)ared from the |)lant is said to he effective in 
nervous disorders and toothache and in pulmonary, 
digestive, uterine and urinary troubles. 'Phe leaf juice 
is employed for the exjnilsion of routid worms. 'Hie 
c rusiied herb is aj)plied as a resolvent and vulnerary. 
Stee|)ed in hot water, it is used as a fomentation for 
wounds, sprains and strains, muscular rheumatism 
and for clearing blackness due to blows, ft is also used 
as a sahe in catarrhal ophthalmia. Hyssop was at one 
time oflicial in some |)harmacopoeias of Kurope. 
/nftdi yuhls, a drug sold in Indian ha/aars and im- 
ported from Syria and Iran, has medicinal |)roperties 
.almost similar to those ol hyssop. It has been referred 
to as //. officiutdis by some authors, hut this identity 
is doubtful (Kirt. & Basil IIT, i(9()o : Cains, /. Bombay 
nat. Hist. S()c.‘, 1940-41, 42 , 3(91 : Dastiir, Medicinal 
Plants, 139). 

A volatile oil (Hys.soi* Oh.) is obtained by the 
steam-distillation of the aerial [larts of the plant. 


The yield of oil is 0.15 0.30';.. from fresh and 
0.3-0.8V0 from dried materials ; the maximum yield 
is obtained from plants harvested just after the 
blossoms open. Hyssop oil is used as a flavouring 
agent in hitters and tonics, especially in French 
li([ueurs of the Chartreuse and Benedictine ty|X\ It 
is also used to some extent in perfumes with a spicy 
odour. In small doses (i or 2 drops) the oil pronuxes 
expectoration in bronchial catarrli and asthma. Like 
the oil of sage (from Salvia spp.) it produces mild 
clonic convulsions when injected intravenously 
(Guenther, III, 437, 440 : Ecoti, Bot., loc cit ; Cains, 
loc. cit : Clicm. Ahslr., 1946, 40 , 7390). 

Hyssop oil is colourless or greenish yellow wdth an 
agreeable aromatic, somewhat cainphoraceous odour, 
and warm, sliglitly bitterish taste. It has the following 
range of constants: sp. gr. J:;, . 0.(935 0.(952 : h'Lo 
-15*7.9° 1.4783-1.4829: sap. val., 

2.8-12.1. It is soluble in i vol. of 80':;, alcohol, clear 
to cloudy with more : in exceptional cases imomplete- 
ly soluble in 80% alcohol. Its (piality is more or 
less uniform irrespective of the part from which 
the oil has been obtained, the properties varying 
slightly when the oil is distilled from herbs harvested 
during the flowering and withering jxriods. Steam- 
distilled oil from the herb collected from Baramulla 
(yield, 0.36 and 0.7 /., respectively from fivsh and dried 
herb) had the following constants: sp. gr.'”’ , o.(;375 
and , 1.4778 (Guenther, 111 . 437 : Finnemore, 736 : 
Cho|)ra cl al,, loc. cit.). 

About 50% of the hyssop oil consists of the keione 
/-pinocamphone (C,„H,,. 0 : h.p.,.,, 212 13" : |<.|„, 
- 13.7®). I'he presence of the following constituents 
has been established: ^-pinenc (c. i4Vn), n-pinene, 
(amphene, /-pinocampheol, an aldehyde (?), hicyclic 
ses(juiter|K*nes (2 -3',',,) and ses(|uiterpene ali'ohols (?) 
of the cadinene type (2'’,,), and small amounts of pri- 
mary and vsecondary alcohols (Guenther, III, 439-40). 

Besides the volatile oil. the herb contains fat, 
sugar, choline, tannins, carotin (108. i lug./irx) g.) 
and xantliopliyll (355.6 mg./ itK5 g.) The lops contain 
iir.s(dic acid (0.49%). A glucoside diosmin (C;,,H,,()2,. 
2H..() : m.p., 280®), which on hy:lroIysis yields 
rhamnose, glucose and the aglucone diosmetin 
(4'-merhyl luteolin). has also been isoh.ted. Hy.ssop 
is stated to yield a greyish green dye. The fresh herb 
contains iodine in a concentration of 14 /(g /kg. 
(Wchmer, II, 1049 ; Hcilhron & Bunhury, II, 3(98 : 
Mcllroy, 31 : ^\almcr, 251 ; Chem, Ahstr., 1(934, 28 , 
4479 : 1953, 47 , 7164 : 1941, 35 , 82(99 ; Iodine Ckmtent 
of l*\)ods, 123). 
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IBERIS I -•inn. (Cruci ferae) 

Bailey, 1949, 44 o- 

A genus of annual and jKrrennial herbs or under- 
shrubs distributed chiefly in the Mediterranean 
region. Commonly known as CANDY'ri^Frs, several 
species of the genus are cultivated in gardens for 
their elegant masses of flowers. 

Candytufts arc popular free blooming plants useful 
for massing in beds or for edging plots and for cut 
flowers. They are well adapted for pot and pan cul- 
ture and can he grown in exposed situations in light 
and rich garden soil, preferably calcareous. Propaga- 
tion is by seeds, cuttings or divisions. Seeds may he 
sown at site and seedlings thinned out to 6-9 in. 
apart (Bailey, 1947, II, 1635 ; Chittenden, II, 1041 : 
Gopalaswamiengar, 439). 

1 . amara Linn. syn. /. coronaria llort. (Common 
Annitai. Candytufj’, Rocket Candytuft) is an annual, 
about I ft. high, commonly cultivated in Indian 
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gardeii.s. Tt is reported to occur in Chamha at alti- 
tudes of 3,ooo-io.f)oo ft. probably as an escape. 
Leaves alternate, oblanccolate to spathulate, 1-4 in. 
long, distantly pinnatifid or toothed, sometimes 
entire ; flowers in corymbs, later elongating into 
racemes, white or mauve with two outer petals larger 
than others ; fruit a small suhorhicular sili(|ua ; seeds 
slightly winged. 

The plant is reported to have been employed in 
rheumatism aiul gout : it is used in the preparation 
of homeopathic tinctures. The seeds are used in 
asthma and bronchitis ; they contain a mustard oil 
and a glycoside, glucoiberin (m.p., 134-36'^) (U.S.I)., 
1947, i486: Wehmer. T, 394: Chem, Ahstr., 1931, 
25 , 2521 : 1956, 50 , 1 1249). 

Among the other species of Iheris cultivated in 
Indian gardens are: /. sempervireus Linn., an ever- 
green J3erennial with white or lilac flowers, and 
/. umheliata Linn, with rose-coloured or purple 
flowers. 

Ibex — .see Wild Cattle, Sheep and Goats 
Iceland Moss — see Cetraria, Lichens 
Ice Plant — see Mesembryanthemum 

ICHNANTHUS Beauv. (Crawiiieae) 

FI. Br. Ind., VII, 60. 

A .small genus of annual or perennial grasses 1 ‘ouiul 
in the tropic.s. I. vicittas Merrill syn. /. pa/lens Hook, 
f. (FI. Br. Ind.), non Miinro is the only .species re- 
corded in India. 

/. vicinus is a slender, loosely branched, more or 
less pubescent, perennial grass, 1 2 ft. high, with 
broadly lanceolate, thin, flat, scabrous leaves. It 
occurs in the Sikkim Himalayas ii|> to 3.5<>o ft. and 
in A.ssam up to 5 ,«kk) ft. It is readily eaten by cattle. 
Analysis of the grass gave the lollowing values (dry 
matter basis): protein, 10.71: fat, 1.35: carbo- 
hydrates, 42.69: libre, 2S.23 : and ash. 

(Burkill, II, 1221 : Walandouw, /. sci. Res. Indo- 
nesia^ *952, h 201). 

ICHNOCARPUS R. Br. (Apoeynaeeae) 

A genus of twining shrubs distributed in south- 
east Asia and Australia. Three species occur in India. 
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1. frutesccns R. \U\ 

D.E.P., IV, 326 ; FI. Br. liul.. Ill, 66(;. 

Sans. — Syamalata, sariva, fniruvulli ; Hindi — Kali- 
dudhi, siamalata ; — Dudhi^ syanialota ; Mak. 

— Krislinasarzca, kaiitrhhnuri ; Tkl. — Ilhtkattc, nala- 
tca<fc : 'Fam. — Paravalli, udargndi ; Mai.. — Paal- 
rally: K\\. - Kanhattiha, ^oncihalli : Okiya — 

Syatnoloia, inadliohi, soyatnnoi. 

Dkhra Dun — Bel kamu ; A.ssa.m — Lamkatnhd, 
paharnkibandan. 

A large, evergreen, laticiF'rous, woody ( :rce|>er with 
rusty red appearaiue. Found almost tliroughout 
India, ascending up to an altitude oF 4,(kx) Ft. l^^aves 
opposite, ellipiic-ol)Iong to broadly lanceolate. 14 in. 

IG2 


xo.5-2 in., coriaceous, pubescent when young; 
flowers Fragrant, greenish white or purplisli, in 
axillary or terminal panicles of cyinose clusters ; 
follicles cylindrical, slender, usually two, divaricately 
placed ; seeds c).5-o.7 in. long, slender, black, comose. 

The roots of the plant are used in medicine as a 
substitute for Indian sarsaparilla (From Hemidesmus 
Indicns) and are often mixed with the latter : neither 
their therapeutic properties nor their suitability for 
use as a sarsaparilla substitute have been established. 
They possess a sweetish astringent taste, hut are 
devoid of the characteristic odour of Tndian sarsa- 
parilla. They are sold fresh or dried, either entire 
or in irregularly curved pieces of rusty or purplish 
brown colour. Fresh roots are somewhat turgid and 
when scratched or incised, exude an abundance of 
creamy white or light yellowish latex (moisture, 
91.0: total .solids, 9.0: alcohol exit*.. 4.66: chloro- 
form extr., 2.93: and residue, i. 41 '!{,). The skin of 
fresh roots is soft and easily separable, hut in dry 
roots it adheres firmly to the wood. Unlike the roots 
of Indian sarsa|)arilla, the roots of /. fnitcscvus 
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particularly the old roots, contain a central pithy 
core (Pharmacognosy ol* Ayurvedic Drugs, Series 1, 
No. I, 21 ; Viswa Nath, /. sci, ituhstr. Res., 1942-43, 
h 335’ app^- 

The roots are reported to possess demulcent, altera- 
tive, tonic, diaphoretic and diuretic properties and 
are used in fevers, dyspepsia and skin troubles, 
usually in combination with hitters and aromatics. 
The root powder is administered with milk for 
diabetes, stone in the bladder and as blood purifier. 
A decoction of the shoots is used in fevers. Leaves 
arc boiled in oil and applied in hcadaclies and fevers ; 
they are also applied to wounds between fingers (Kirt. 
A' Basil, II, 1392 : Nadkarni, I, 674 : Rama Rao, 25H : 
Bressers, 90). 

Hie swiichy branches are used for tying purposes, 
basket making and fishing nets. 

/. voluhilis Merrill syn. /. avaiifoluts A. DC. is a 
woody creeper allied to /. jruiescens, reported to 
occur in Chota Nagpur and parts of Assam. It is 
used in the. Philippines for ropes, fences and fisliing 
slakes (Burkill, TI, 1221). 

Ilang-Ilang — see Cananga 

ILEX T .in n . (/t (j tt i jnluu eae) 

A genus of evergreen or deciduous trees and 
shrubs, commonly known as IIolmks, distributed in 
the temperate and tropical regions of the world, 
ch icily in America and Asia. About 22 species occur 
in India : a few exotics are grown for ornament. 

Some species of the genus yield valuable limber. 
Some contain bitter substances and are medicinal. 
The leaves of /. paraguarunisis are the source of the 
well-known beverage, Mait-: or Paka<;oay 'Pka, exten- 
sively consumed in South America. 

Hollies are grown as ornamental plants for tlieir 
handsome foliage and attractive drupes. Some are 
valuable for hedges and roadside planting. Rich, 
well-drained soil suits them best, hut some of them 
flourish in moist or even swampy places. Propaga- 
tion is done by seeds which take about a year to 
germinate and seedlings are transplanted after the 
second year. The evergreen species may be propagat- 
ed by ripened wood cuttings, by division, or by 
grafting or budding on other species (Hume, 165, 
193 ; Bailey, 1947, IF, 1637). 

I. aquifolium Linn. Enclisii Holi.y. Common Holly 

D.E.P., IV, 327 : Bailey, 1949. 629. 

An evergeen shrub or tree, up to 40 ft. or more 


in height, with short spreading branches forming an 
oblong or pyramidal crown. It is a native of Kurojx' 
and is occasionally cultivated in India in gardens at 
hill stations. Bark grey, smooth for a long time, 
eventually finely lissured : leaves alternate, short- 
petioled, elliptic or oblong, sinuate, spiny-toothed, 
shining, coriacious : flowers in axillary clusters, 
unisexual or bisexual, white or yellow, fragrant ; 
druix's globular, about tlie si/e of peas, scarlet, 
shiny. A very variable species, with leaves differing 
greatly in si/e, shape and spininess : some cultivars 
hear blotched leaves (u* leaves with while or yellow 
margin. 

The wood of common holly is while or greyish, 
hard, heavy (wt.. 45-55 Ih./cii. ft.), close-grained, 
fine- and uniform-textured. It linislies to a smooth 
surface and takes a good polish. 'Phe wood is valued 
according to the degree of its whiteness and should 
he converted sf)on after felling and slacked under 
cover in a dark diy place. It is use<l for inlaying. 
mar(|uetry work, fancy articles and turnery : it is 
suitable for wood sculpture and fine cabinet work 
(Titmuss, 61 ; Howard. 250). 

The fruits are reported to possess purgative, emetic 
and diuretic properties ; they are used in dropsy and 
jaundice. Tlte leaves and bark are emollient and 
diuretic. The leaves are hitter, somewhat acrid and 
at one time used in malarial fevers and gout. 'Hie 
flowers afford nectar for honey bees (Krumbiegel. 
42 ; Wren, 172 : U.S.D., 1947. 14S7 : hidwn Bee /., 
1953, 15 , 1 15). 

A tenacious and viscid bird-lime is |)repared by 
cooking the inner hark of the tree for a few lioiirs 
in water : the lujiior is stored in a cool place till it 
thickens. Bird-lime was formerly u.sed for catching 
small birds and rats ; its u.se in the preparation of 
plasters has been suggested. Bird-lime prepared from 
drupes contains a sapogenic acid (possibly oleanolic) 
and a steroid, o-amyrin (m.p.. iSL^) as .i-amyrin 
palmitate. 'Phe bark contains rubber (0.67",,), ilicyl 
alcohol, ilicen (C1., .H,.,„ : 2'‘;. in the hark of young 
plants) in combination with fatty acids and pectin 
(U.S.D., 1947, 1364 : Warlh, 280; Cheui. Ahstr.. 1946, 
40, 4239; Wehmer, 11, 71S). 

The leaves contain a crystalline yellow colouring 
matter, ilixanthin ((l.iHaaOoa). which dyes yellow 
with alum and green with ferric chloride. Other con- 
stituents rc|M)rted to he present in the leaves include 
ilexic (ilicic) acid, a hitter substance ilicin, caffeic 
acid, dextrose, calcium malate, an amorphous glyco- 
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side (?), rubber (c\^‘ o), a resin (io.o%) and a sterol. 
The ash of the leaves (3.07%) contains potassium, 
calcium and magnesium salts (Wehmer, 11 . 718; 
Clu tfi. Ahstr., 1954. 48 , 3474). 

I. malabarica Hedd. 

D.K.l*., IV, 32H : 1 "!. Br. Ind., 1 , 600 : Tallmt. I, 
' 59 - 

A large tree occurring on western ghats from 
Konkan southwards, ascending to an altitude of 
3,(xx) ft. 1 ..eaves alternate, elliptic or ovate-lanceolate, 
usually entire, acute or acuminate : flowers polygam- 
ous, in axillary fascicles or short-stalked cymes, rarely 
solitary, white : fruits small, red, globose. 

'rhe w'ood is yellowish white and hard : it is used 
for planks, platters and building purposes. 

*1. paraguariensis St. llil. Mate, Yerba M.\te, 
Paraguay Tea 

D.K.P., IV, 328 : Bailey. 1949, 630. 

An evergreen shrub or a small tree, native of South 
America, aiul reported to he cultivated in some 
Indian gardens. Leaves alternate, usually 4-5 inches 
in length, elliptic-ohovate, obtuse to obtusely acumi- 
nate, crenate-serrate, narrowed at the base : flowers 
axillary, fascicled or in stalked cymes : drupes round- 
ed, up to 0.25 in. diain., reddish. The leaves consti- 
tute the source of Yerba Mate or Paraguay Tea, a 
beverage next only to coffee, tea and cocoa in com- 
mercial importance. 

'Phe plant may he propagated from seeds sown in 
the nursery : seedlings are transplanted to .site after 
1/2 2 years. The first crop of leaves is ready for 
harvesting after 3 5 years. The crop yield increases 
continuously up to 25-30 years. Under cultivation, 
the plant remains small with numerous branches 
instead of growing into a tree with rounded crown. 

The branches are cut at the time of the ripening 
of fruits and roasted for a brief while over fire. The 
leaves are then separated and dried on a platform 
over slow wood fire, the lime taken for drying lieing 
24-36 hr. Rapid drying in ovens is said to give an 
inferior product. Dried leaves are reduced to a coarse 
powder, placed in sacks, stacked in chambers pro- 
tected from moisture and allowed to mature for 
about a year. A yield of 20-80 lb. of cured market- 

* I he rc|X)rte(l niltivation of this sjH'cics in India as given in 
D.E.P. and followed in other piihlicatioiiK appears lo he erroneous 
and is probably due to a mistaken identity of the plant. A brief 
.•iccount of the methods of propagation aild economic usc.s of 
the plant are given here as, according to some authors, the plant 
can be cultivated in most parts of India [Burkill, II, 1224 ; Krishna 
& Badhwar, /. sci. industr. Res., 1*>48, 7(10). siippl., l.tft]. 


able leaf is obtained per plant according to its age 
(Porter, Econ. Bot., 1950, 4 , 37 ; Trease, 364). 

lake tea, mate is taken in the form of an infusion. 
The infusion has a pleasant aroma with a slightly 
bitter taste and restorative and stimulating proper- 
ties. It is nutritive and mildly aperient, less astringent 
than tea and does not cause gastric troubles. It is 
Ix^neficial in rheumatism, and in its native country, 
rheumatism is re{K)rted to be scarce. Mate has also 
been employed in U.S.A. in soft drinks and as a 
source of caffeine. The leaves are also used as a com- 
mercial source of chlorophyll (Hill, 479-80 ; Cheney, 
Econ, Hot., 1947, L 261 : World Crops, 1953, .W)- 

The composition of commercial mate varies 
widely : the recorded ranges of values are as follows: 
moisture, 6.90 10.40 : caffeine, 0.58-1.64 : tannin, 
7.8-10.98 : ash. 6.09-7.38 : and water extr., 35.27- 
49.60 ‘;o. Appreciable amounts of sugar (6%), nitro- 
genous substances (N content, 2%). fat and w'ax, and 
small amounts of essential oil (0.08%), starch, resi- 
nous substances, vanillin, citric acid and malic acid 
are present. Mate is rich in vitamins and contains 
(av.): carotene, 1.17 mg.: thiamine, 215 /ig. ; 
riboflavin. 422 /tg. : nicotinic acid, 6.9 mg. : and 
ascorbic acid, 11.5 mg./i(X) g. The mineral consiiiu 
ents present are (ash content of sample. 6.8‘V,): 
phosphorus, o.ii : calcium, 0.68: magnesium, 0.39: 
potassium, 1.34 : sodium. 0.0025 : iron, 0.05 : copper. 
0.0014: mangane.se, 0.14: sulphur, 0.12: and 
chlorine, 0.113V0: iodine, 160 /tg./kg. : boron, 
silicon, aluminium and barium are present in 
traces. Only a part of the vitamins and minerals is 
extracted while infusing mate for use as beverage 
(Winton & Winton, IV, 90 : Wehmer, II, 719 : Allen, 
Vfl, 368 : Clictn, Ahstr., 1932, 26 , 6033 : 1945, 39 . 
3856 : 1954. 48 , 6512 : Iodine Content of Tmods, 1 19). 

Besides caffeine, mate contains minor amounts of 
theobromine and trigonelline (?). Caffeine is present 
also in the stem (0.52'?;'.), seed (0.17%), bark and 
underground parts of the plant, but not in the wood. 
The caffeine content of mate is less than that of tea 
(Wehmer, II, 719: Thorpe, VII, 539 : Chem. Ahstr., 
1930. 24 , 3534). 

The aroma and flavour of mate varies with the 
rime of collection of leaves : the maximum aroma 
is present when the fruits are nearly ripe. The sub- 
stances to which mate owds its aroma have not been 
definitely identified : the flavour is retained even 
when mate is exposed to air and damp. The leaves 
contain an essential oil (Allen, VII, 367 : Encylo- 
paedia Britannica, XV, 47). 
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The tannin-like constituents of mate are qualita- 
tively similar to those present in coffee. Chromato- 
graphic examination revealed the presence of chloro- 
gcnic acid and a resinous substance, resinotanol. A 
phlohaphenc is also present (Chem. Abstr., 1953. 47, 
12529 : Winton & Winton, IV, 90). 

A soft white wax (yield, 2.5-3.o%) is obtained by 
extracting the leaves with organic solvents. The crude 
product is green in colour and has the following 
characteristics: m.p., 59-65°; sp. gr.^ *', 1.008 ; n'*", 
1.4698 ; sap. val., 1 10.14: acid val., 11.79: acetyl 
val., 68.60 ; fatty acids, 58.54% : and iinsapon. 
matter, 41.78%. It may he fractionated by extrac- 
tion with petroleum ether : the soft component 
has the following characteristics : m.p., 18-30° : 

sp. gr.‘ 0.990 : acetyl val., 169 : and unsapon. 
matter, 61.08%. The unsaponiffahle matter consists 
almost entirely of sterols including a-amyrin (50%), 
cholesterol, ergosterol, matesterol : m.p., 

276°), and mcsoinositol. The wax may he decolour- 
ised by treatment with animal charcoal and used in 
cosmetics and as a softener : treatment with chlorine 
yields a ruhher-like product (Warth, 213: Chem. 
Ahstr., 1948, 42, 5618 : 1943, 37, 5508 : 1936, 30, 3537). 

The seeds contain: moisture, 7.2; protein, 6.4; 
oil, 16.1 : fibre, 52.0: pentosans, 17.0: and ash, i,3‘*o. 
The fatty oil has the following characteristics: sp. 
gr.“ '', 0.9152 : /r ' , 1.4720; sap. val., 192.7 : iod. val. 
(Ilanu.s), 116.7: acid val., 4.4: acetyl val., 8.0: and 
unsapon. matter, 0.55%. The fatty acids identilied 
are: lauric (0.87), palmitic (10.05), stearic (3.79), ara- 
chidic (0.58), oleic (34.46), palmitoleic (1.47), and lino- 
leic (49.15%). The meal left after extracting the oil 
from the seeds contains : moisture, 8.6 : protein, 7.6 : 
oil, 0.2 : fibre, 61.9 : pentosans. 20.2 : and ash, 1.5",, : 
it is suitable for the production of furfural (Chem. 
Ahstr., 1953. 47, 5139). 

I. umbellulata Loes. svn. /. sulaiia Wall. (M. Bi 
Tnd.). 

FI. Br. Tnd., I, 604. 

AasAM-Bikhfhkului. 

A middle-sized tree, sometimes attaining a height 
of 100 ft., found in Assam. I..eaves elliptic, oblong 
or ovate, somewhat abruptly acuminate : flowers in 
clusters of 12-20 : drupes globose, 0.2 in. diam. 

The wood of I. umbellulata (wt., 50 Ih./cu. ft.) is 
white, compact and fine-grained. It is suitable for 
scabbards, platters and toys (FI. Assam, 1 , 257). 


I. vomitoria Ait. syn. /. cassine Walt., non Linn. 
Yaupon, Cas.skna 

l^ailey, 1949, 630. 

A much-branchetl evergreen shrub or a small tree, 
native of the coastal regions of North America and 
cultivated in some Indian gardens. Leaves ov^al or 
oblong, up to 2 in. long, crenate-serrale, glaucous ; 
flowers in axillary clusters, white : fruit scarlet. 0.25 
in. diam. 

The leaves of this species are used, in its native 
habitat, as the source of a tea like beverage. Cassena 
(Cassine) or Black drink, 'fhe leaves contain (air-dried 
sample): moisture. 13.19: water extr., 26.55: tannin. 
7.39 : caffeine, 0.27 : and a.sh, 5.75 ’.. : a volatile oil. 
wax. resin, chlorophyll, nitrogenous substances, 
starch, gum and pectins are present. 'Fhe volatile oil 
has a pleasant odour, suggestive of tea and raw 
tobacco (llume, 129: Allen, Vll, 369; Wehiner, 

An infusion of cassena is employed in medicine 
as a tonic : in large doses it acts as emetic. A svrup 
for use in soft drinks and an alcoholic extract for 
use as a flavouring agent, have been prepared from 
the leaves. The leaves may also be used as a source of 
caffeine (Hill. 482 : Cheney. J^N.Y. bol. Cdu. 1942. 
43, 122 : Allen, VII. 369). 

I. wightiana Wall. 

FI. Br. Ind., I. 603 : I’yson, 11 . PI. 84. 

Tam. & Kan. — Badaga, hurulu. 

A medium-sized tree with numerous, steeply 
sloping branches, found on the hills of South India, 
particularly on Nilgiris. lA*av'es alternate, elliptic- 
oblong or ovate, subacute or acuminate ; flowers in 
clusters, while : drupes globose, 0.25 in. diam. 

The wood of /. ivighiiaua (wt., 35 -40 Ih./cii. ft.) is 
pale white or creamy in colour, rather soft and close- 
grained. It is useful for platters, howls, tea boxes, 
packing cases, cabinet work and building purposes 
((iamhle. 169: Lewis, 102). 

Among the other Indian species of Ilex, the follow 
ing occurring in the Himalayas and hills ol Assam 
yield timbers, though of }X3or quality : /. difyyrena 
Wall., I. r.xcelsa Wall. syn. /. doniatui DC., /. gndajam 
Colebr., /. insignis Hook, f., 1 . odorata Buch.-Ham.. 
and /. theaefolia Hook. f. I. dcnticulata Wall, found 
on Anamalai and Nilgiri hills also yields a timber of 
poor (juality. The leaves of /. dipyrena are occasional- 
ly used as fodder for sheep. The bark of /. godajam. 
which is thick, soft and horizontally wrinkled, is used 
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in [ndo-Cliina in rlie form of a decociion for diar- 
rhoea and as diuretic ((aevost Petelot, Bull. cam. 
ludoch., 1935. 38 , 145). 

ILLICIUM I A n n . (Slugnoliaccuv) 

D.K.P.. IV, 331 : FI. Br. Ind., I, 40. 

A small ^enus of evergreen aromatic shrubs or 
small trees, distrihuted in Atlantic North America 
and Asia. Two species occur in India. 

/. ^rijjithii 1 look. f. ik Tlioms. is a large shrub, 
^-4'/2 ni. high, found in Bhutan and Khasi hills at 
altitudes of i,4<k)-i, 7(K) m. Leaves ovate, elliptic- 
lanceolate ; dowers solitary, axillary or terminal : 
fruits consisting of compressed, lieaked. incurved 
carpels (hiHicles) arranged in a single whorl : seeds 
small, suh-rotund, slightly compressed, glossy, brown. 

'Fhe fruit is slightly aromatic, with a hitter and 
astringent taste and is reported to he poisontnis. It 
is stimulant and carminative. It yields, on steam-dis- 
tillation, an essential oil resembling that from ani- 
seed [Pimliinclia atiisitm Linn.) and fennel (Foeni- 
ciilinn vulture Mill.) |l)ymock. Warden tV Hooper. 
I, 40-41 : Kirt. & Basu, 1 , 60: Krishna Badhwar. 
7. si'i. industr. Rrs.. 1947, 6(2), suppl., to ; Chopra cV 
Badhwar, hiduni ]. a^ric. Sci., 1940, 10 , 17]. 

/. vcruni Hook. f. constitutes the source of Star 
Anise oil used as a flavouring agent and iti medicine. 
It does not occur in India, hut its fruits (Stak Ainsk 
or Cjiina : 1 Iindi Aiiasfyludy snuf ; Tkl.— Afiusl)uvu ; 
Tam. -Anushup(}u. utiusi-pu : lioMBAY -Baduni) are 



l ie,, m, 11.1 ICIITM C.RIFFITMII— FLOWhHINC, BRANCH 6 L FRUIT 



FIG. 106 . ILLICIUM VFRUM— F’RUIIS AND SEEDS 

imported from China and Tndo-China : data relating 
to imports arc not available. 

/. vcruui is an evergreen tree attaining a height of 
8 15 III. and a diameter c. 25 cm. Leaves entire, 
10 15 cm. long and 2.5-5 elliptic to ohlan- 

ceolatc ; flowers solitary, while to red in colour : 
fruit star-shaped, consisting of 8 carpels (follicles) 
arranged in a whorl around a short central column : 
each follicle 12-17 mm. long, boat-shaped, hard and 
wrinkled, containing a seed ; seeds brown, comprcs.sed- 
ovoid, smooth, shiny, brittle. The plant is indigenous 
to tropical and subtropical cast Asia. It is extensively 
cultivated in a limited area with particular ecological 
factors, in Kwangsi in south-east China and Tonkin 
in Indo-China. 

Star ani.se tree is propagated by seeds, sown in 
lieds in Octoher-Novemher. The .seedlings are trans- 
planted, at the fourth leaf stage, first in a nursery and 
again, after 3 years, in the plantation. The plant 
comes into hearing from the tenth year onwards. 
The fruits are generally collected before they are 
(piite ripe, when the cs,sential oil content is maxi* 
mum. The average life of the tree is 80-100 years. 
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The l)ulk ol’ harveslcd IVuits is steani-disiillcd in ilic 
fresh condition for the Cvssential oil ; the rest is dried 
for export {Bull, ccon. fndocli., 1938, 41 , 966 ; 
Schmidt & Marcus, II, 370 ; Guenther, V, 363 65). 

Star anise fruit has an agreeable, aromatic, sweet 
taste and a pleasant odour resembling anise. It is 
used as a condiment for ilavouring curries, confec- 
tionery and spirits, and for pickling : it is also used 
in perfumery. 'Fhe fruit is chewed to sweeten the 
breath and to help digestion. It is stomachic and 
carminative, and considered useful in ilatulence, 
spasmodic afl'ection of the intestinal canal, and 
dysentery. It is used as an adjunct to cough mix- 
tures and as a corrective of taste |Hurkill, 11, 1125: 
Krishna & Bailhwar, J. set. indust r. Res., 1947, 6 (2), 
suppl., 10; Parry, |. W., 130: Hill, 453: Dymock, 
Warden & lloo|K*r, I, 40]. 

Star anise fruit is often adulterated with the fruit 
of /. anisatuui Linn. syn. /. rcligiusttui Sieh. Zucc., 
grown in Japan and variouslv known as Japanese 
sacred anise tree. Poison hay, Shikimi or Shikimi- 
noki, h'alse aniseed and Bastard star anise. 'The fruit of 
/. uiiisatum is poisonous (Wehmer, 1 , 338 : Krishna 
cV Badhwar, loc. cit. ; Yoimgken, 307 : (iuenther, V, 
378-79: Wallis, 249: U.S.l)., 1955, 1721). 

Star anise oil of commerce is obtained by the steam- 
distillation of fresh fruits of I. vcrutti (yield, 3 3.5''..). 
It is colourless or pale yellow with the characteristic 
odour and aromatic taste of true anise oil (from 
Pinilyiticllu unisuui ) ; the odour and taste of the latter 
are rather more delicate. Fhe oil has the following 
characteristics: sp. gr.‘’\ 0.978-0.987 : . 1.5530- 

1.5582 : .77^’ to I 0.57^ : cotigeal. pt., 15.0 

18.4° ; sol. in 1. 0-2.5 9<^ "" alcohol ; anethole 

is the chief constituent (85 90'.’..). Star anise oil is 
oliicial in the pharmacopoeias of manv (ountries : it 
lonstitiitcs the hulk of tlie Oil of Anise of comtncrcc 
(Gtienther, V, 3f>7 7^) : Int. P., I, 158; U.S.l)., 1955. 
92). 

Star anise oil is used as a Ilavouring agent in con- 
lectioncry, candy, chewing gum, tobacco, animal 
leeds, Ikpieurs and pharmaceutical [)reparations. It 
is used also in |)crfumery and soaps. Hie oil is stimu- 
lant, stomachic, carminative, mildly expet rorant and 
diuretic. It relieves colic and is an ingredient of cough 
lozenges. The oil is employed as an application in 
rlieiiinatism and otalgia, and as an antiseptic. It is 
considered useful against body lice and bed hugs, and 
forms an ingredient of cattle sprays. It is used in 
lavus (honeycomb ringworm) and scabies. Hic (»il 
enters into the composition of a nutnher of oliicial 


preparations (Guenther, V, 376 ; Kirk cV Othmer, IX, 
576 ; Schmidt iV Marcus, II, 371 ; Chnu. Ahsir., 1947, 
41 , 3576 ; Wren, 332 ; B.P.C., 1949, 567 ; Nadkarni, 1 . 
676 : U.S.n., 1955, 92 : Stein met/., I, 46). 

Decorticated seeds contain a fatly oil (55'; .) having 
the following constants: sp. gr.“‘ , 0.9128: , 

I. 4677 ; sap. val., 194.5 ' ' 88.36 ; acid val., 

II. 65: acetyl val., 8.37 : R.M. val., 0.75: Polenske 
val., 0.29 : and un.sapon. matter, 0.59“-). The compo- 
nent fatty acids of the oil are : myi istic, 4.43 : 
stearic. 7.93 : oleic. 63.24 : and linoleic, 24.4’.V, (Airan 
iV Shah, y. hidiun chnu. Soc., 1942, 19 , 175). 

Star anise plant is used for Ilavouring foods atid 
confectionery and is considered useful lor colic, con- 
stipation and insomnia. The Chinese are re|)orted to 
prepare a medicinal tea from the leaves (Burkill, 
II, 1226). 

ILLIGERA Blume (Heniuiiduicmc) 

Kl. Br. Ind.. II. 460. 

A genus of scandent shrubs disirihuled in the 
tropics of the Old World. I'liree species occur in 
India. 

/. ap[ivndiculala Blume syn. /. c()r\zudniiu Meissu. 
is an extensive climber, up to 80 ft. high, occurring 
in Khasi hills and alotig streams and in damp places 
in the Andaman Islands. Leaves trifoliolate : lealleis 
(2-5 in. X 0.5 1.5 in.), very variahle. oblong, elliptic 
or sub-orbicular, entire, obtuse or abrupt Iv acu- 
minate : llowers white (with pink calyx lobes) iu lax 
pendidoiis cymc*s : fruit 2-winged, sparsely tomeutosc. 
In Penang, the lcavt\s are reported to he used as 
poultice for boils (Burkill. II. 1226). 

/. villosa Cl. B. Clarke is a tawny villous climber 
with pink llowers and often 3-winged fruits, occur- 
ring in the hills of /\ssam. It is reported to be used 
as a febrifuge (k'l. Assam, IV. 105). 

Ilmenite — see Titanium Ores 

IMPATIENS 1 .inn. (Bfilsuuiinueeue) 

A very large genus of more or less succulent, 
annual or biennial herbs, rarely becoming shrubby 
or epiphytic. 'They are chielly natives of the moun- 
tainous regions of tropical Asia and Africa but are 
also found in tbe north temperate /otie atid in S. 
Africa. About 1 50 species occur iti India. Many c»f 
them are endetnic and show restricted distribution in 
certain regions. Only I. halsuuiinu is cotnmoti 
throitghout the country [Hooker, Ree. hot. Surv. 
Indui, i (; o 4-()6, 4(1-3), 1 1 . 

A large tiutnber cjf Ifuj^utieus species have beeti 
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accliinalisccl and grown in garilcns and green houses 
for rlieir showy hlossoms. They are mostly annuals 
flowering in summer and are excellent for planting 
in beds or along borders. Forms yielding double- 
flowers (Camellia flowered) or spotted or striped 
flowers have been evolved by breeding and selection 
(Bailey, 1947, I, 442 ; II, 1642 ; Chittenden, I, 232). 

Balsam plants thrive in rich, friable, well-drained 
soil, in open sunny situations and need a liberal 
sup])ly of water during growth. 'Fhey flower pro- 
fusely and capsular fruits, when ripe, dehisce explo- 
sively and shatter the seeds. The best sowing time in 
the plains of N. India is June July, about the com- 
mencement of the monsoon, while on the hills, they 
can he sown by the end of March; in S. India, they 
can be grown nearly throughout the year. Seeds ger- 
minate readily ; seedlings are raised in nurseries or 
in boxes and transplanted in prepared beds. Biennial 
;m<l perennial forms may be propagated from cut- 
tings. To obtain best results, side branches are pinch- 
ed out so that large blooms appear on the main axis 
(Firminger, 596 ; (iopalaswamiengar, 439 : Burns 
Davis, 26 : Bailey, 1947* I, 442 ; II, 1642 : Chittenden, 
n. 1047). 

I. balsamina lann, (Jakhkn Bal.sam 

1 ).K. 1 \, IV. 334: FI. Br. Ind., I, 454. 

Sans. — Ditshjyatrijati ; IIini^i — Cuhticnt/hi ; Bk.n<;. 
— Dupati : Mak. 7Vr^/^/^/ ,* Guj.— (///bnenr/f, pan- 
tiiuihol ; Tam. — Kasitlinnhai ; Mai.. — A/m7/f7/goni ; 

(.)ri YA — / lam^aitra, 

Vv's\\w- Banlil, irual, liahi, lalura, iilphar, juk. 

An erect, hranched succulent annual with shortly 
stalked or sialkless, alternate, lanceolate, .serrate 
leaves ; flowers .solitary or fascicled, purple, pink or 
nearly while, with long, slender, incurved spurs ; 
fruits capsular, hairy ; seeds globose, tubercled, about 
0.5 cm. in diameter. 

This species is found nearly throughout the tropical 
and sub tropical parts of India and is found growing 
gregariously as forest undergrowth. It is very vari- 
able and many forms, often separated as varieties, 
are cidtivated in gardens (Hooker, loc. cit. : Firmin- 

59b). 

The seeds of garden balsam are edible. They con- 
tain c. 27.0% of a green viscous oil with the following 
constants: , 1.5070; sap. val., 188.13: iod. val. 

(Wij’s), 177.4: R.M. val.. 1.9: and unsapon. matter, 
0.9';,',. The pre.scncc of /^-amyrin, a-spinasterol and 
halsaminasrerol (m.p., 160.1°) has been reported in 
the unsaponifiahle matter. The mixed fatty acids of 


the oil are: palmitic, 4.68 ; stearic, 5.76; arachidic, 
2.80 ; oleic, 18.30 ; linoleic, 9.17 ; linolcnic, 30.15 ; and 
parinaric, 29.14%: the occurrence of parinaric acid 
(a tetra-ethenoid C,k acid) distinguishes this oil from 
other fatty oils. The oil may he used for cooking and 
for burning in lamps ; it is also suitable for use in 
the surface-coating industry (Sarkar & Chakraharty, 
Sci, & Cult., 1955-56, 21, 616: Cliem. Abutn, 1942, 

^6, 7337 : >954. 48 , 13835). 

Alcoholic extracts of the Howers possess marked 
antibiotic activity against Sclerotinia fructicola, 
Colic tot ru'htnn lindcviuthianum and other patho- 
genic fungi and bacteria. The active principle has 
been identified as 2-methoxy-l, 4-naphtho<piinone 
(Little cl al., /. hint. Chcui., 1948, 174, 335). 

The deep red flowers contain a monoglycosidic 
anthocyanin ba.sed on pelargonidin. whereas the roots 
and stems contain cyanidin monoglycoside (Sharma 
& Seshadri, ]. sci. industr. Res., 1955, 14B, 211). 

In Bali, the leaves are eaten. The flowers and, at 
rimes, the leaves too are reported to be ii.sed as a 
substitute for benna [Lazvsonia inermis Linn.) for 
dyeing finger nails (Burkill, II, 12 2«). 

The plant is said to resemble, in its medicinal 
properties, /. pullidu Nutt, and /. uolitan^crc Linn., 
found in America and Kurope, the acrid juice of 
which is considered emetic, cathartic and diuretic. 
In Philippines, the leaves of /. halsafniua are used in 
poidtices. The flowers are miicHaginoiis and cooling 
and used for lumbago and intercostal neuralgia : they 
are reported to improve circulation and relieve stasis. 
In China, j)owdcred seeds are prescribed for diflicidi 
labour (Kirt. &: Basil, i, 446: G.S.I)., 1947, 148S : 
Qui.surnbing, 555). 

I. chinensis Linn. 

FI. Br. Ind., I. 444 : Fyson, 1 . 86: II, PI. 63. 

'Fam.— pylcc : Mai..- P i7y. 

A variable succulent annual, with glabrous angled 
stems, found up to 5 ,cxk) ft. in Bhutan, Khasi hills, 
Aka and Lushai hills. Manipur, hills of Orissa, 
eastern ghats, western ghats south of Konkan, and 
Nilgiris. The flowers which are rose purple to white 
in colour, with slender incurved spurs, appear in July. 

The plant is u.sed as an external application to 
burns ; it is taken internally with milk in gonorrhoea 
(Rama Rao, 59 ; Kirt. & Basu, I, 447), 

1 . glandulifera Royle, non Arn. syn. I. roylci Walp 
Royle’s or Himalayan Balsam 
D.li.P., IV, 3^6 : FI. Br. Ind.. I, 468 ; Blatter, I 
PI. 17, Fig. 2. 
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A variable haiulsoinc biisli, 4-10 l‘l. liigli, distri- 
biilcil from Kashmir to Nepal and common in 
Himalayas up to 9,500 ft. Flowers pale pink or 
crimson, sometimes white, with a short spur : 
capsule .clavate, glahroiis, usually drooping ; seeds 
large, broadly obovoid, with opacpie spongy testa. 
The plant is hardy and makes rapid growth when 
planted in gardens. It flowers during August- 
Sept ember. 

The seeds are edil)le and possess a nutty taste, 
'riiey contain: moisture, 6.5; protein, 20-22; and 
fatty oil, 50%. The oil is highly refractive and can 
he used as a semi-drying oil. It is not, however, avail- 
ahle in any quantity for commercial use. The dilli- 
culty appears to he that plants rijKMi unevenly and 
seeds arc scattered violently from ripe capsules 
and cannot be collected easily. The oil is light to 
golden yellow in colour, with an agreeable taste ; 
in odour it is similar to wood oil. It possesses 
the following characteristics: , 1.5300; sap. val., 

230 245 ; iod. val. (by hydrogenation), 218-245 : diene 
val., 32-52 ; and unsapon. matter, 1%. 1’he fatty 
acids |)resent are: parinaric, 42 : oleic, linoleic and 
linolenic, 42 ; saturated acids (chiefly stearic and 
palmitic), 6 12: and acetic, 9-t()‘\,. The oil has an 
utuisual cotnposition in that it contains acetic acid 
and parinaric acid. 'Hie oil dries and thickens 
under heat faster than linseed oil. Varnishes 
prepared from the oil dry well hut' are somewhat 
inferior tit linseed oil varnishes in durability (Chem. 
Abstr.f 1950, 44 , 1265: 1949, hH » Jutdan vt u/., 
5'* 74)- 


I. holstii Kngl. Warh. -- /. ivalleriaua Hook. f. 
Him, 

C'hittendeii, II, 1048. 

A fleshy herb or un<lershruh, 2 -3 It. high, with 
scarlet flowers introduced from Africa and grown in 
gardens. It resembles /. sultaui Hook. f. and grows 
vigorously under cultivation putting forth perpetual 
blooms of large and bright flowers. A hybrid with 
f. suUani, know'ii as /. holstanii, is also cultivated in 
gardetis (Gopalasw'amietigar, 440). 

The flowers of this plant cotitain |)elargonidin 
complex 3 ; 5-dimonoside, closely resembling nionar- 
daein ; the bluish ro.se flowers of another variety of 
this plant contain [)conidin complex 3 : 5-dimonoside 
(Ro])inson & Robinson, Biochew, /., 1932, 26 , 1657). 


I. sulcata Wall. syii. /. gii'tinlcd Kdgew. 
Bal-sam 


Grwjvku 


D,E.P., IV. 336 : FI. Br. Iiul., I. 469 ; Blatter, 1, PI. 
•7. 

A gigantic annual, 4-10 ft. high, with stout, groov- 
ed stems, frequent in the temperate Himalayas from 
Kashmir to Sikkim up to an altitude of i2,(kk) ft. It 
bears pink, purple or dark crimson flowers. The seeds 
are eaten and an oil is extracted from them ; the pro- 
perties of the oil have not been investigated. The 
seed husks are reported to be eaten raw in L;duil 
(Kanny 1^1 Dey, 163). 

L tingens Edgew’. syn. /. raccmosti Hook. f. (I'l. Br. 
Ind.), non DC. 

D.K.P.. IV, 335 : VI Br. Ind., 1 , 479. 

A small herbaceous plant with peculiar white or 
pink flowers, common in temperate Himalayas, f rom 
Kumaon to Sirmore at altitudes of 5,000 - io.cxkj ft. 
and extending eastw'ards to central Nepal. It occurs 
in .shady damp ravines and flowers during August- 
September. The seeds arc edible and yield an oil 
used for burning in lamps (Hooker, loc. cit.). 

I. tripctala Roxh. syn. /. uiullillorn Wall. 

FI. Br. Ind., I. 470. 

LAKiiiMiujR-Kr/rvf/ hijal, dtnn dokn. 

An annual herb with long-stalked leaves and 
purple flowers, found in tropical Himalayas, Sikkim, 
Bhutan, A.s.sam and Khasi hills up to 3.0CM) ft. The 
juice of the root mixed with milk, is reported to he 
given in haematuria |Carter & Carter, Rcc. boL Surv. 
India, 1921, 6(9), 393 : Kirt. & Basil, 1, 447], 

The .seeds of /. ain[}horala Kdgew., /. amplcxicaulc 
Edgew. , /. scabrida DC., and a few' other western 
Himalayan species are reported to he edible. 

/. parvijiora DC\ (Smam. Balsam), an erect annual, 
1-3 ft. high, with small, pale pink or white flowers, 
occurs in Kashmir :it an altitude of 3,5 oo-S,<km) ft. 
It is a native of Siberia and Turkestan. 'The leaves of 
the plant contain vitamin C’ (c. 25 mg./ nx) g.) and 
can be used as salad. The .seeds contain over 50';.. oil 
w'hich is suitable for use in lacipiers (Hooker, loc. cit. : 
Chvm, Abstr., 1950, 44 , 242 : Food Sci. Absir., 1951, 
23 , 263 ; Cficni. Abslr., 1949, 43 , 134). 

IMPERATA Cyr. {(Irani incac) 

A small genus of perennial grasses found through- 
out the tropical and subtropical regions of the work!. 
One sj^cics occurs in India. 

I. cylindrica Beativ. syn. 7. anindinacca C.yr. 
Tha'1x:ii Gha.ss 

D.E.P., IV. 336: HI, 423: FI. Br. Ind., VII, 106; 
Hubbard, Jt Publ. imp. agric. Bur., No. 7, 1944. 5. 
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Sans. — Darhha ; —Dabh , siru, tdu ; Beng. — 

Oolovy ulu : Tel. — HallxijamUy barfiisan, darbha 
gaddi ; Tam. DUarbai pul, imnikapillu, natial, 
varli-piliu ; Kan. — Sauna dabbai Indlu ; Mal. — 
Vididam. 

PrNjAB — Dab, kusa, sil, sir; Utiak Pradesh — 
Bharavaiy sil, siru, usirli ; Kajasihan— K/kihs ; 
Madhya Pradesh- CV/Z/r/i. dab, goudi, lotau, phulyay 
pot tar : Bombay — Dhub ; Assam Ihitta, kliair, ullu ; 
Saniai. & Koi. - Chcro. 

A very variable, tiil’ted, perennial grass with 
rhizoniatie underground parts ; rhizomes while, 
somewhat succulent, branched, extensively creeping, 
st aly ; culms erecr, ranging from slender, iiliform, 
dwarf forms 7.5 -10 cm. high to stout, robust forms 
about 2.8 111. tall and 8 mm. in diani, : leaves vari- 
able, very short to 1.5 m. long, erect, linear to linear- 
lanceolate, Hat ; |)anicle silver-white, dense, fluffy, 
silky, cylindrical 2.5 -22.5 cm. or more (rarely 75 cm.) 



in length ; grains (caryopsis) small, elliptic to oblong 
brown, light, loose. 

/. cylindrica is distributed throughout the tropical 
and temperate regions of the Old World and in 
parts of temperate South America. It is conimon in 
tropical Africa, southern Europe and eastwards to 
Turkestan, Afghanistan, India, Ceylon, Malaya, 
Java, China, japan and Australia. It lias been 
introduced into U.S.A. and is found in Florida. In 
India, it is found throughout the hotter parts, both 
in plains and hills, a.scending up to 2,3fK) m. in the 
Himalayas. 

Five varieties of /. cylindrica arc distinguished : 
var. major (Nees) C.E. Hubbard, var. latifolia (Hook, 
f.) C.E. Hubbard, var. africana (Anderss.) C.E. Hub 
bard, var. ciiropac (Anderss.) Aschers. & Craebn., 
and var. condensata (Steud.) Hack. These varieties 
are found in definite geographical regions. Of these, 
var. major and var. latifolia occur in India. The 
former exists in two habital forms, viz. depauj^erate 
and savannah. The depauperate form witli minute 
filiform culms, 7.5-10 cin. high, small leaves and 
panicles, is common in lawns and areas subject to 
continual cutting or grazing. The savannah form is 
strongly gregarious with stout culms. 0.9 1.2 ni. high, 
long and broad leaves and long panicles. Var. lati- 
folia occurs in swamps and marshes in the northern 
part of Uttar Pradesh. It attains a height of 2.S m. 
or more, with leaves 1.2 m. long and [lanicles up to 
60 cm. in length. This variety is considered by some 
authorities as a distinct species (Hubbard, ft Publ 
imp, agric. Bur., No. 7, 1944, 9-12 ; Hole, Indian For, 
Mem., For. Hot. Scr., 19 I, 91 ; Bor., Indiaji For. 
Rcc.y N.S., Hot., 1940, 2 , 144). 

/. c\littdrica growls gregariously in low-lying 
swampy grounds, water-logged areas, bunds of rice 
fields and sides of irrigation channels. Ft is common 
on sandy loams in coconut and sal plantations and is 
capable of withstanding great variations in tempera- 
ture and also drought. Ft is essentially a light-loving 
plant, growing in open spaces ; it is found as an under- 
growth in tropical forests where there is not much of 
shade. The grass is often found in association with 
Saccharum munja Roxb. and Frianthus ravcnnac 
Beaiiv. (Hubbard. Jt Publ. imp. agric. Bur., No. 7, 
1944, 7; Gray, ibid., No. 7, 1944, 18-23; 
loc. cit. ; Bor, loc. cit.). 

The grass spreads rapidly by seeds and by root- 
stocks. The seeds, which arc very light, arc carried 
by wind to new situations. Once established, the grass 
multiplies rapidly by rootstocks. The savannah form 


170 



IMPERATA 


flowers in the hot season, ihc swamp form, at the 
close of rains or in cold season ; and the depaii[K‘rarc 
form, irregularly almost throughout the year. 'Fhe 
rootstocks are extremely resistant to destruction by 
fire ; occasional firing is believed to stimulate shooting 
and flowering (Brown, Jt Puhl. imj), agric. Bur., No. 7, 
1944, 18 ; Gray, ibid.. No. 7. 1944, 19 ; Hole. loc. cit. ; 
Bor, loc. cit ; Singh & Cuba, Indian For. Bull., 
No. 145, 1951 ; Raitt, Ifidian For. Rcc., 1913, 5 , 74). 

I. cylindrica is a troublesome weed infesting culti- 
vated fields and plantations in eastern tropics, espe- 
cially Malaya, Java and Ceylon. It is uhitjuitous and 
is always one of the first to cover newly opened lands. 
It affects plantation crops, like rubber, tea, coconut, 
(jiiinine, teak, fig and oil-palms. It obstructs re- 
.iflorestation by suppressing seedlings of other plants. 
Once established, eradication becomes exceedingly 
(fifticult and expensive. The weed inhibits nitrogen 
accumulation in the soil thereby affecting soil ferti- 
lity. ft also serves as a cover for injurious animals and 
tromlnctilid mites which transmit scrub typhus. The 
roots tend to choke subsoil drains used in anti- 
malarial operations. Areas infested with this grass arc 
believed to constitute breeding grounds for locusts 
|(h*ay. Jt Puhl. imp. agric. Bur., No. 7, 1944, 24-26: 
Burkill, II. 1229: Buckley, Malay, agric. 1951, 
34 ( 4 ). 27 l- 

Fradication- - Various methods — mechanical, cul- 
tural and chemical — have been tried for eradicating 
the weed. Partial control is effected by grazing, burn- 
ing, scything and rolling. Flooding infested lands 
with water is also re[H)rted to be effective as a 
control measure. CV)mplcte eradication has been made 
possible by repeated shallow ploughing under certain 
conditions. Deep digging to remove rootstocks is 
laborious and expensive. Frequent deep ploughing of 
infested areas followed by disc-harrowing, exposes the 
rootstocks to sun. when they die out ; this treatment 
diminishes soil fertility due to exposure and wash : 
further, the method cannot he applied in areas with 
standing tree crops. Mechanical eradication should be 
followed by cultivation of cover crops in order to 
|)revent the weed from regeneration (Gray, Ji Puhl. 
imp. agric. Bur., No. 7, 1944, 45-47. 5 *-5.^ : Pera- 
dctiiya Manual, Dep. Agri( . Ceylon, No. 7, 1951 : 
Tempany, World Crops, 1951, 3 , 143: Buckley, 
loc. cit. ; World Crops, 1953, 5 , 287). 

The grass may he eradicated by planting (piick- 
growing cover or shade crops, such as Centrosnna 
ptibc.scens Benth., Pueraria sp., Mimosa invisa Mart.. 
DoHchos hosei Craib, Crotalaria sp., Tephrosia sp.. 


and indigofera sp. ; prolonged shade kills the weed. 
An a.ssociated advantage of growing shade crops is 
the improvement in soil. Gliricidia sepium Steud. has 
l)ccn tried in Ceylon with gooil results ((iray, Jt Puhl. 
imp. agric. Bur., No. 7. 1944, 48 50, 47 : For. Ahstr.. 
' 9 .W. * 4 , 4jo). 

Various chemicals, e.g. oop|>cr sulpliate, sodium 
arsenite and selective herbicides, Itave been tried to 
eradicate the weed. Sodium arsenite has been em- 
ployed in rubber plantations in Malaya. Ten spray- 
ings at the rate of 60 gal. of solution (i.6'\,) per acre, 
at intervals of 10 days, provide effective control ; in- 
creased effectiveness is obtained by the use of a 
.spreader, such as Teept)!, along with .sodium arsenite 
solution. In India, complete suppression has been 
effected by spraying sodium arsenite at the rate of 
25 11 ). |x*r acre twice at an interval of 3 weeks. Areas 
treated with sodium arsenite should be isolated and 
straying animals warded off. Application of Atlacide 
(sodium chlorate 94%), a non-poisonous chemical 
(160-240 lb. in 160 360 gal. of water per acre) is re- 
[x)rted to be effective. Other chemicals, suggested for 
control of the weed are: Ck)rnox ‘D’ (32% amine 
salt of 2,4-n) applied in 10% aq. soln, Agroxonc 
3I30V0 MCPA (2-methyl-4-chlorophenoxy acetic acid)] 
in (;% acj. soln and 2,4,5‘T in lo/n emulsion in water : 
the weed is resistant to 2,4-D treatment. It succumbs 
to spraying by Sovacide, a mineral oil fraction, 
directly or in (liltition with diesel oil or water. TCA 
(.sodium tri-chloracetate) alone or in combination 
with sodium pentachlorophenate : and CMU \y(p- 
chlorophenyl)-!, i-dimethylurea] have also given 
satisfactory results. A modified method consists in 
mowing the gra.ss to 10 cm. stubble, applying a contact 
herbicide, burning, and spraying 100 lb. of TCA pet- 
acre. Fumigation with chloropicrin kills rootstocks 
(Gray, Jt Puhl. imp. agric. Bur., No. 7, 1944, 47 : 
Plant. Chron., 1956, 51 , 293 ; Buckley, loc. cit. : 
Gdn Nezvs Sheet, R. Agri. hart. Soc. India, N.S., No. 
1 12, 1953* 3 : Rep. Bose Instt., 1953-54. 74 ^ Pesticides 
in Tropical Agriculture, No. /j of Advances in 
Chemistry Series, 90, 92 : Ilort. Ahstr., 1955, 25 , 584). 

Utilisation — 1 . cylindrica has Ixen tried in India 
as a raw material for pa|)er pulp. It is inferior to sahai 
grass [Fulaliopsls hinata C.K. Iliibhanl) : the pulp is 
short-fibred (av. length of fibre, 1.26 mm.), weak anil 
diflicult to bleach ; it can be used in admixture (up to 
lo?^,) with long-fibred pulp. Tests carried out in 
Malaya and elsewhere show that long-fibred pulp 
with good felting properties may be prepared from 
the grass growing in those areas ; the ptilp compares 
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favourably wirli that from Algerian esparto grass 
(Stipa tenacissima Linn.) but slightly inferior to that 
from Spanish esparto grass : it yields a strong opaque 
pa|)er which does nor shrink on drying. The grass 
has been used for the commercial |>roduclion of paper 
pulp in Australia and New Guinea. The grass should 
Ih? cut before or during flowering, because consider- 
able lignilication takes place during the maturation 
of the seed. 'I'he yield of the dry grass in India has 
been estimated at 1.7 tons |>er acre per annum under 
a two year rotation (Raitt, loc. cit. : Singh tV Cuba. 
hiiluin For. Bull., No. 145, 1951 : Indian For., 1952, 
78 , 448 : Tempany, World (^ops, 1951, 3 , 143 : Btdl. 
imp. Inst., Lotid., 1937. 35 , 31 1). 

Analysis of Indian grass gave the following values 
(dry basis): water sol., 8.85; pectose (with fat and 
wax), 26.76 : lignin. 9.91 : cellulose. 54.48 ; and ash, 
4.(x/,n. Digestion with caustic soda (19%) for 5 hr. 
(at 153” and 60 lb./s(|. in. pressure) gave a yield of 
417;', unbleached pulp and 357.. bleached ptilp. The 
fractional soda process was more economical for 
pulping than the monosulphiie process ; optimum 
results were obtained by hr. digestion at 138'’, 
the consumption of caustic soda in the digestion 
li(|iior (40 g./litre), calculated on the basis of air-dry 
raw material, being 6%, and of bleaching povvder 
(35% available chlorine), being 4.070. The yields 
were: unbleached piilj), 43.87^1 and bleached pulp. 
40.27/1 ; the bleached pidp was of bright shade (Raitt. 
loc. cit. ; Singh & (iuha, loc. cit.). 

Mature leaves of I. c\lindrica are coarse and are 
not relished hy cattle : the saw-like edges arc known 
to cause sores. Tender and succulent shoots, prcKliiced 
after burning the field, are palatable to stock. Analysis 
of tender grass gave the following values (dry matter 
basis): crude protein, 6.56: ether extr., 3.33: crude 
fibre. 34.6 : N-free extr., 47.6 ; ash. 7.92 : calcium, 
0.39 ; nitrogen, 1.05 : and phosphorus, 0.22% ; starch 
etpiivalent, 10.7 : and digestible protein, 0.8 lb./i(x>lb. 
Nitrogen balance is negative. Tt is reported to be a 
good source of vitamins A and C. Feeding experi- 
ments on young and adult animals show that the 
grass at any stage of growth produces acidic urine. 
Adult animals fed on mature or partially mature 
grass are likely to suffer from acidosis (Hole, loc. cit. : 
Brown, Jt Publ. imp. ap;ric. Bur., No. 7, 1944, - 7 “^ • 
Talapatra, Indian J. vet. Sci., 1950, 20, 183 : Teik, 
Sci. Scr. Dep. /Igric. Malaya, No. 24, 1951, 84). 

/. cylindrica is a good soil binder for railway em- 
bankments, river banks, dams and coastal sand 
dunes. It is suitable for the reclamation of dry and 


desert areas. I.^aves of I. cylindrica make a good and 
durable thatch ; considerable areas arc set apart in 
the tea gardens of Assam for growing this grass. The 
grass is u.sed for making ropes, brushes, mats and 
cowry bags, for plait work and weaving into baskets 
and plates. It is also used as packing material. The 
depauperate form is used as lawn grass in northern 
India. In South China, dried grass is employed as 
fuel. Together with stems of elephant grass (Penni* 
setum purpurcum Sebum.), it is used for firing 
potteiy in Uganda. I'he flossy inflorescence is used 
for stuffing cushions aiul pillows (Brown. Jt Publ. 
imp. agric. Bur., No. 7. 1944, 38, 43-44 ; Tadulingam 
Venkatanarayana. 327 : Bor, loc. cii. : Badbwar, 
Indian For., 1946. 72 , 64 : Hole, loc. cit. : Dal/icl, ^^o). 

Rhizomes of /. cylindrica arc eaten by pigs. A 
sugar is prepared from the rhizome after eliminating 
the bitter constituents present in aqueous extracts of 
the rhizome by adsorption with diatoinaceoiis earth. 
A kind of beer is said to be prepared in Malaya by 
the fermentation of rhizome infusion. Analysis of 
rhizomes gave the following values (dry basis): 
total sugar, 22.05 : reducing sugar, 9.20 ; and invert 
sugar, 12.4570 (Hole, loc. cit. : Biirkill, II. 1231; 
Chem. Abslr., 1952, 46 , 10329). 

The grass provides a mulching material for some 
crops : the mulch breaks down to a manure wlien 
treated with Adco. In a few cases, the grass may 
have a favourable effect, either directly or indirectly, 
on the cultivated crop. In Sumatra, the burning o( 
the grass in infested tobacco fields eliminates the 
weeds which are susceptible to slime disease (Pseudo- 
monas solanacearuni) and thereby indirectly benefits 
tobacco. Likewise, in the Philippines, the develop- 
ment of the sugarcane parasite, Aeginetia indica, is 
prevented by the gniss, though elsewhere, the grass 
itself has Ite^n reported to be susceptible (Brown, Jt 
Publ. imp. agric. Bur., No. 7, 1944, 44 ; Gray, ibid., 
No. 7, 1944, 26 ; Burkill. TI, 1231). 

The rhizomes of /. cylindrica are used in China as 
a restorative, tonic and antipyretic, and in Cambodia, 
as a fumigant for piles. A decoction of rootstocks is 
given for diarrhoea, dy.sentery and gonorrhoea. In 
the Philippines, fruiting spikes are considered seda- 
tive when taken internally. The seeds are used as 
vulnerary to stop bleeding (Burkill, II, 1232 : Quis- 
umbing, 99). 

Inchigrass — sec Cymbopogon 
Indian Arrowroot — see Hitchenia 
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Indian Butter Bean — src Dolichos 

Indian Butter Tree — see Diploknema, Madhuca 

Indian Cork Tree — see Millingtonia 

Indian Corn — see Zea 

Indian Crab Apple — see Docynia 

Indian Doum Palm — see Hyphaene 

Indian Eagle-Wood — see Aquilaria 

Indian Fig — Opuntia 

Indian Napellus — see Aconitum 

Indian Shot — see Canna 

India Rubber — see Ficus 

Indicolite — see Tourmaline 

Indigo — see Indigofera 

Indigo, Assam — see Strobilanthcs ^ 

INDIGOFERA I iinn. (Leguminosae) 

A very large genus of herbs, shrubs or undei shrubs, 
(listrihutecl in the tropical and sub tropical regions of 
the world, especially in Africa. About 54 species have 
been recorded in India ; some of them are cultivated 
for the dye, indigo ; many are grown ft)r fodder and 
green manure and as plant cover. 

Several species of Indigofera yield a blue colour- 
ing matter, iisetl since early times, for dyeing pur- 
poses. Natural indigo was an important dyestuff 
exported from India until the end of the last century ; 
its importance has declined with the advent of the 
synthetic product. In 1896-^7, nearly i6,88,9fK) acres 
were under indigo cultivation and the production t)f 
dye was i,68,7(X) cwt. ; the corresponding figures for 
1955-56 were 10,600 acres and 2,600 cwt. (Table 1). Of 
the various species exploited for the dye, the chief 
ones in Iiulia were /. arrecta, /, snffrnlicosa, /. sinna 
Irana and /. tinctoria. Of these /. arrecta was the most 
important, particularly during World Wars I and 
11, when due to the shortage of the synthetic dye- 
stuff, indigo cultivation received a brief stitmtlus. I. 
arrecta was preferred because of its higher dye con- 
tent than other species and was grown in Bihar, 
the dye extracted in factories equipped with steam 
power and marketed under strict supervision. I. 
sumatrana was the species grown in Madras ; the 
total acreage under the crop in the State was larger 
than that under any Indigofera species in any other 
State. Even at present, 7 , sumatrana is grown over a 


large area in Madras State and used for green manur- 
ing purposes. Since 1949, the acreage and production 
of indigo has further dwindled due to the diversion 
of areas to food and other remunerative crops. At 
present large areas are devoted to this crop only in 
Andhra Pradesh and Madras (Davis. Agric. f. India 
1918, 13 , 32. 206; 1919, 14 , 21 : 11 and hook of Corn- 
men iid Information for India, 1937, 3 - 9 )- 

The colouring matter of the plant, indigotin 
(C,,iIl,„OaN2 : m.p., 390° dcct)mp.). is |)resent in the 
form of a glucoside, indican (C, , 1 1 , N ; m.p., 
176-78°), particularly in the lamina and to a small 
extent in the midribs or rachis. I'he indigotin 
content varies in different species ; it also varies ac- 
cording to the season and age of the plant. The dye 
is extracted from the leaves by fermentation when 
indican hydrolyses into glucose and indoxyl 
(CJI7ON ; m.p., 85°) : the latter on oxidation yields 
indigotin. 

Natural indigo contains, in addition to indigotin. 
varying proportions of a red dye, indirubin : a resin- 
ous impurity, indigo brown : indigo-gluten ; and 
other substances. The indigotin content of different 
grades of natural indigo arc as follows: best grades, 
70 90: medium grades, 40-50: and low grades, 
c. 20%. Analysis of a sample of good Bengal indigo 
gave: indigotin, 61.4: indirubin, 7.2 ; indigo brown. 
4,6: indigo-gluten, 1.5; mineral matter, 19.6: and 
moisture, 5.7% (Thorpe, VI, 432-39 ; Perkin & 
Kverest, 475-516). 

For the extrariion of indigo, what is known as tlie 

TABLE 1— AREA UNDER CULTIVATION AND PRODUCTION OF 



DYE IN INDIA 



Area 

(1,000 acres) 

Prodiu tion of dvt 
(1,000 cwt.) 

1896 97 

1,688.9 

168.7 

1913 U 

127.6 

26.8 

1918 19 

292.0 

48.6 

1929 30 

75.7 

14.4 

1934-35 

59.6 

10.2 

1939 40 

38.3 

5.3 

1943 44 

.S7.1 

9.0 

1948 49 

.to.o 

4.9 

1953 54 

11.7 

1.2 

1954-55 

11.1 

2.7 

1955 56* 

10.6 

2.6 

Includes Andhra 

Pr.idesh, 4,975 ; 

Madras, 4.900: Honihay, 


483; Mysore, 251 ; Others, 33 acres. 
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wet process is almost universally adopted. In this pro- 
cess, freshly harvested plants are steeped in water in 
specially constructed vats : the water is warmed if 
necessary to 32°. Fermentation sets in and the 
i^liicoside breaks down hy the action of indimulsin, 
namrally present in the plant, to glucose and 
indoxyl. 'riic fermentation is completed in 10-15 hr. 
'fhe yellow li(|iior is run into heating (oxidising) 
vats cfj nipped with paddle wheels ; when the wheels 
are rotated, the lujuor is thrown up into the air as 
a fine spray and the indoxyl gets oxidised to indigo, 
which settles down as a fine blue mud at the bottom 
of the vat. 'J'he supernatant water (the seeth water) 
is then drawn off. Better yields arc obtained hy 
lermenting the leaves under acid conditions and 
elfecting oxidation hy blowing ammonia, steam and 
air simultaneously into the fermented litpior hy 
means of an injector. Addition of sodium nitrate or 
Dhak gum (from Bulca mofiospcrma) facilitates the 
set I ling of indigo mud. The oxidised product is 
stirred with boiling water containing a little dilute 
sulphuric acid, allowed to settle and the clear licpior 
decanted ; it is then washed with boiling water, 
liltere<l through cloth and pressed. The product is 
cut into 3 in. cubes and air-dried to c. 6% moisture. 
The cubes are brushed to remove surface moitld 
growth, if any. polished and packed in wooden 
chests. The average yield of indigo is 25*0 of the 
total extractable colouring matter. 

A small (piantity of indigo is manufactured in 
Madras hy a modified process known as the dry pro- 
cess. 'J'he leaves are air-dried j)rior to steeping in 
water; they are then macerated with water in a vat 
and fermented for about 2 hr. The fermented lic|Uor 
is treated in the same manner as that described 
under the wet process. The advantage of the dry pro- 
cess lies in the short duration of fermentation : fur- 
ther the indigo obtained is reported to he more uni- 
form. However, some loss of indigo may occur during 
the air-drying of leaves thereby resulting in lower 
yields (Thorpe. VI. 432-39: Nicholls & Holland, 
3S8-91 ; Davis, /Igric. /. India, 19 iS, 13 , 32, 206 : 
/IgnV. Res, Inst. Pnsa, Indigo PuhL, No. i-ii, 
1918 -22 ; Marsden, Bull. Dcj). Agric., Madras, No. 74. 
1918 : Ghosh, Sci. Cult., 1943-44, 4 ^ 7 « 537*) 

The cubes of indigo are graded and priced in the 
trade on the basis of specific gravity, colour, nature 
of fracture, porosity and appearance when the sur- 
face is scratched with the finger nail. High grade 
indigo has a deep violet blue shade and when scratch- 
ed with the finger nail, shows a coppery lustre : it is 


light and porous. Indigo of inferior ([uality contains 
much soluble and mineral matter ; it is heavy, hard, 
and dull grey in colour : it does not show a coppery 
lustre when scratched. 

Natural indigo was being marketed in the form of 
3-3^ in. cubes. The grades commercially known 
were the Bihar or Bengal cake and the Oudh 
and Benares cake in Calcutta and the Kurpah cake 
in Madras. The bulk of the Bihar production was 
exported to U.K. and Europe, while that of Madras 
was sent to Egypt and Japan. During 1918-1923, the 
Government of India levied a cess on indigo exports 
and utilised the proceeds to promote .scientific re- 
search on the cultivation and manufacture of indigo 
[Handbook of Commercial Information for India, 
1937, 329 ; Mem. Pep. Agric. Madras, No. 36, i9s:4. 
686 ). ‘ 

Indigo finds use in dyeing and printing cotton and 
rayon, and for dyeing wool. It has been employed 
in the preparation of pigments for paints, lactpiers, 
rubber, and printing inks. It is used also to a small 
extent by artists and in wall paper decoration. It 
[M)s.sesses excellent fastness to light and washing : 
dyeings on wool are faster than those on cotton. In 
vat dyeing, the indigo is reduced to leuco indigo or 
indigo white, which forms a yellow solution in alka- 
line licpiors. When the fabric is dipped in the lifpior, 
it absorbs indigo white and on exposure, the blue dye 
is formed on the fabric by oxidation. As leuco indigo 
has a low affinity for cotton, a succe.ssion of di|>s are 
reijuired to build up the retpiired shade (Kirk A' 
Othmer, VII, 814 : Heaton, 175 ; Thorpe, XI, 851). 

'fhe residual parts of plants left after the ex- 
traction of the dye are rich in available nitrogen 
and are used as manure for cereals, oilseeds, sugar- 
cane and tobacco. They contain: nitrogen (as Nil.,), 
1.2 ; potassium (as KjCO^), 0.89 : and phosphorus (as 

H. ,PO,). 0.27%. The seeth water from heating vats 
yields on evaporation a residue containing: nitrogen, 
2.77: mineral matter, 25.90: volatile acids, 21.04: 
succinic acid. 2.18; brown matter, 12.03; and 
indigotin, o.i 7 (): it is used as manure (Atkins, Sci. 
Progr., 1921-22, 16 , 56; Howard & Howard, Bull, 
agric. Res. Inst. Pusa, No. 54, 1915, ii ; Chem, Ahstr., 
1945, 39 , 2651 ; Perkin &L Everest, 504). 

I. anabaptista Steud. 

FI. Br. Ind., II, 102. 

A small annual with spreading branches, thinly 
covered by white hairs, found in the plains of western 
India, in Punjab and U.P. leaves pinnate, with 3-7 
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Icailets ; flowers tiny, in short racemes of 15 -20 ; pods 
linear and reflexed, 6 8 seeded. 

Tlie plant is recommended as a green manure. 
Analysis of leaves gave the following values: nitro- 
gen (N), 4.21 ; phosphoric acid ^*71 J potash 

(KjO), 2.85 ; and lime (CaO), 4.89V0 (Idnani & Club- 
ber, Sci, & Cult., 1952- 53, 18 , 362). 

I. arrecta Hochst. Naial Indioo, Java lNDit;o, 
Bkncai. Indigo 

C.P., 661 ; A Manual of Green Manuring, 72, 123. 

An erect, deep green, leafy undershrub, 3-6 ft. 
high, with imparipinnaicly comjx)und leaves, 4 5 in. 
long: leaflets 7-8 pairs with one odd terminal leaflet ; 
flowers small, pinkish red, in axillary racemes ; pods 
straight and reflexed. 

The plant is indigenous to Abyssinia and was intro- 
duced into India through Java. Its cultivation was 
popular in Tirhut, Saran and C^bamparan districts of 
N. Bihar. Patna, Gaya, Sbababad and parts of C.hota 
Nag[)tir in S. Bihar, and parts of U.P. 'riic seeds of 
/. arnxla possess hard coats and unless specially 
treated before sowing, show poor germination. Thev 
are usually scarified in a machine or treated with 
concentrated sulphuric acid and sown in lines, on 
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well ploughed, manured and levelled soil. Sowing is 
done in the middle of October in Bihar, at the rate of 
6 -8 lb. of seed per acre. The crop cannot tolerate more 
than two months of constant moisture in the soil ; 
so seeds are sown after the rains, mixed with a cold 
weather cover crop, such as mustard or wheat. With 
the advent of warm weather and harvest of cover 
crops, the indigo crop makes rapid growth and is 
ready for the first cut by the end of May or the 
iK'ginning of June. The plants are cut about i in. 
from the ground and a second crop is taken after an 
interval of six weeks or more depending upon the 
conditions. Unlike /. sinnatnma, /. urreda matures 
earlier and withstands submersion under water. It 
yields heavily ; with superphosphate manuring yields 
of 30,279-82,115 lb. of green matter per acre have 
been reported. I’he recorded output of indigo cake 
per acre from two different areas in Bihar were 
137.S lb. and 228.66 lb. when /. arrccta was grown, as 
against 32.14 lb. and 6832 lb. respectively from the 
.same areas wdicn /. suvuilrana was cultivated (I loward 

Howard, Bull, a^rric. Res. Inst. Rusa, No. 51 tV 54, 
191^ ; Davis, Affric. J. ludiu, 1918, 13 , 32, 206 ; 1919, 
14 , '21). 

In Bihar, the plant is affected by a will which 
causes serious damage. The incidence is observed 
after the first cut, when due to floods, the soil gets 
water-logged. Wilting can be checked by pruning, 
soil aeration, and ap|)licalion of organic manure and 
soluble phosphates (Howard ct ah, Mvni. Dcp. Af^nc. 
India, Bot., 1920, 11 , 1 ; Ghosh, Sci. & Cult.. 1943 44, 
9 , 487 : Davis, /IgWc. Res. fnst. Pit.sn. Indigo RuhL. 
No. 7, 1). ^ 

/. arrecta has been tried as a cover crop in coffee, 
tea and rubber plantations and as a green manure 
crop for rice : it has been specially recommended in 
rotations before cotton. It grows vigorously and 
stands lopping better than Crotalaria spp. Atialysis 
of the leaves gave the following values: nitrogen (N), 
4.46; phosphorus (P.X).,), 0.02; potassium (K.,()). 
1.95 : and calcium (CaO), 4.487;', (Dalziel, 245 : Whyte 
et al., 361 ; A Manual of Green Manuring, 123 : Use 
of Leguminous Plants, 211 : Krumbiegel, 76: Idnani 
& C.hibber, Sei. & Cult.. 1952-53, 18 , 362). 

I. arrecta produces .seeds in large (|uaniities and 
their germination is generally uniform and good. In 
the early years w'hen /. arrecta was introduced into 
Bibar, it w'as ob.served that plants grown for leaf did 
not produce suflicient seeds for sow'ing the next crop. 
Seeds had to be imported specially from neighbour- 
ing stales like U.P. and Assam. It was later found 
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that ilic scc(i production was poor in plants which 
had been cut once or twice for leaf, and in order to 
obtain sullicicnt supply, the crop had to he raised 
exclusively for seed. For seed pur})oses, sowing is 
best done in the middle of August, in lines 24 in. 
apart, and the crop is left uncut till the seeds are fully 
mature. Under favourable conditions, a yield of 
600 -8(K) lb. of seeds per acre has Iwen obtained in 
Bihar ; in Assam, yields up to 1.200 lb. per acre have 
been recorded. Seeds can be stored in gunny bags in 
a dry place, until recpiired for .sowing (Howard & 
Howard, Bull, agric. Res. lust. Pusa, No. 51 & 54, 
1915: Howard ct al., Mem. Dep. Agrie. Imlia, Bat., 
1920, II, I : Davis. Agric. Res. hist. Pusa, Indigo 
Pnhl., No. 8. 1921 ; Atkins, ibid., No. 10, 1921). 

The yield of leaves from /. arreeta is higher than 
ihat from any other species of hidigofem ; the indi- 
gotin content of the plant (o.8-i.o7(i) is also higher 
I hail I hat of other species. The leaves contain up to 
4"o of a llavonol glycoside, kaempferiirin (C.27H;,„0,, : 
m.p., 20103'’), which on hydrolysis yields rhamno.se 
and kaempferol (Davis, Agric. J. India, 1918, 13, 
206 ; Mayer & Cook, 183 ; I’erkin & Everest, 502). 

I. articulata Gouan syn. /. argentca Linn. var. caerth 
lea Baker (M. Br. Tnd.); /. caerulea Roxb. Sukat 
1 ndi(;o, Wild Indi<;o, Eoyi’iian rNDi(;o, Arabian 
Indu;o 

D.E.P., IV, 383 : C.P., 662 : FI. Br. Ind., 11 , 98. 

Sans. — Kalaklitaka ; Hindi- Sunuaiiiil ; Tam. — 
Kataveri ; Tel. Karuuili ; Kan, -Karuiiili. 

Makwak Nil. 

An erect shrub with silvery white stems and short- 
petioled leaves, distributed in western India, Deccan 
and pans of Bihar. Leaves 2 3 in. long: leaflets 3 9. 
argenieo canescent on both surfaces ; flowers in 
short-[)eduncle<l or subsessile racemes ; fruits thick, 
turgid, recurved. This species is indigenous to India 
and was probably the source of indigo in early days, 
particularly in (kijarat. It was introduced into Ara- 
l)ia, Egypt and other Mediterranean countries where 
it became the .sotirce of the dye (Burkill, 1909, 22). 

'Hie plant has iKen tried as a .source of green 
manure for pad<ly. Mixed cropping trials with sunn 
hemp carried «>ut in the rice fallows of Bapatia 
(Aiuihra State) gave a yield of 4,(X)o 6,000 lb. of 
green matter per acre. The seeds were treated before 
sowing with hot water for 10 min. to remove the wax 
covering on the surface. Air-dried seeds, mixed with 
sunn hemp, were broadcast at the rate of 60 lb. per 
acre, 3 or 4 days before the harvest of paddy. The 


indigo plants were allowed to grow after the harvest 
of sunn hemp for fodder and ploughed into the 
soil in May. The green matter thus ploughed in 
contained (per acre) an eipii valent of 40 lb. of nitro- 
gen. Analysis of the plants gave the following values : 
nitrogen (N), 1.8 : phosphoric acid (Pa^,.)’ ; 

|X)tash (K^O), o.6V(. (Rao, Andhra agric. /., 1954, 1 , 
103 ; Mem. Dep. Agric. Madras, No. 36, 1954, 837). 

The seeds are .sometimes u.scd as famine food. The 
roots and leaves of the plant 5|^re hitter and tonic ; 
the seeds arc considered anthelmintic (Kirt. & Basil, 
1, 716). 

I. aspalathoides Vahl ex DC. Wiry Indico 

D.E.P.. IV. 3S4 : FI. Br. Ind., 11 , 94 : Kirt. & Basil, 
PI. 296. 

Sass.- Ratakohomha, .sivanimha ; TAM.-Iraivan- 
vembu, sivanar vemhu ; Kan. -Nila, sivamhalli ; 
Mal. -Manali. 

A low undershruh witli copiously spreading, terete 
branches and argenteo-canescent branchlets, found in 
the Dcccan, plains of Carnatic and CVylon. Ixfaves 
digitate: leaflets 1-5, pale green, oblanceolate with a 
few adpressetl hairs : flowers red : pods straight, 
glabrous, turgid, 6-8 .seeded. 

The leaves, flowers and tender shoots are cooling 
and demulcent ; they are usetl in the form of decoc- 
tion for leprosy and cancerous alTeciions ; the leaves 
are also applied to abscesses. The root is chewed in 
t(X)thache and aphthae. The whole plant is used in 
applications for oedemalous tumours and the ashes 
are used in preparations for dandriifF (Kirt. & Basil. 
1. 710). 

The plant is an ingredieni of an oily preparation 
used for syphilitic and other skin affections ; a decoc- 
tion of the plant is given as an alterative in .secondary 
.syphilis : trials have, however, .shown that it does not 
po.sscss any of the |)roperties allributed to it (Koman, 
1918, 20 ; 1920, 6). 

I. cordifolia Heyne 

D.E.P., IV, 385 : FI. Br. Tnd., 11 , 93. 

Marwar -Vekriavas ; Bombay — Godadi, bodaga, 
botsaka ; Gwalior — Nilabari. 

A copiously branched diffuse annual, found 
throughout India. Leaves simple, suh-sessile, cordate 
or ovate : flowers bright red, 4-8 on copious heads ; 
pods generally 2-sccdcd. 

The plant comes up at the commencement of mon- 
.soons on medium to fallow soils in Bombay ; seeds 
ripen in November. The white seeds, which resemble 
poppy, are threshed out and u.sed in mixture with 
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hajra or juwar lor making bread ; coiivSiimcd alone, 
they arc reported to be harmful. The type of I. cordi- 
folia found in the Deccan is considered to be a good 
forage [Gammie, Rn\ hot, Surv. India, 1902, 2 , 179 ; 
Patil, Indian Fnig, N..S., 1957-5S, 7(4), 24]. 

I. endecaphylla ]ac(j. 'I'KAiuNt; Indico 
FI. Br. Ind., 11 , 98. 

An anntial or biennial trailing herb with stetns 1 2 
ft. long, distributed in the hills of Deccan, western 
ghats and Nilgiris, up to 6,000 ft. I-icaves nearly ses- 
sile, with 5-9 membranous leaflets ; llowers violet 
purple, in close peduncled racemes ; pods dellexed, 
glabrous, c. 1 in. long, containing 6-10 seeds. 

This plant is grown as a cover and green manure 
( top in colfec, tea and new rubber plantations. It is 
not affet'ted by any serious disease or pest and thrives 
well at high altitudes with heavy rainfall. It prefers 


a clayey soil, but also gives good cover on sandy 
soil. It tolerates a certain amount of shade and stands 
pruning ; it is also drought-resistant. It provides an 
excellent cover in protecting the soil from erosion. It 
is tolerant to acid and also to phosphorus delicieiu y 
in soil and can be propagated by seeds or cuttings. 
Seed production is generally poor : seeds have a hard 
coat and germination is jtoor uidess the coat is 
softened by treatment with 40V0 sidphuric acid 
(Whyte cl al., 280 : A Manual of (ireen Manuring. 
86; Use of Leguminous Plants, 211 : (irist, 66, 202 : 
Mudaliar, Madras affric. /., 1953, 40 , ynj ; Gandhi, 
Indian J. a^ric. Sci., 1957. 27 , 131 ; Paul, Troj), /Igri- 
cnllnrist, 1952, 108 , 191). 

Used as green manure, it enriches the nitrogen and 
organic iiiatler contents (d' the soil. A yield (d 1.6- 
2.4 tons per acre of green material from plants two 
months old has been reported from the Philippines ; 
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ihis corresponds to 28.72 11). of nitrogen and 0.56 tons 
of dry matter. I'rom six months old plants, the yield 
per acre is 10.24 *^**‘'^* corresponding to 206,9 Ih. of 
nitrogen and 5.08 tons of dry matter. Analysis of 
the fresh plant gave the following values: moisture, 
74.7 ; organic matter, 22.1 ; ash, \.2 ; and nitrogen, 
0.78“,, (Use of Legimiinons l^lants, 23, 21 1). 

'Fhe crop is readily eaten by cattle, htit it does not 
stand heavy grazing. In Indo-China, a yield of 6-18 
tons of green fodder per acre has been recorded. 
Analysis of the leaves and stems gave the following 
values: water. 80.5; protein, 4.1 ; fat, 0.6: soluble 
carbohydrates, 7.9 ; lihre, 4.7 ; and ash. 2.2V0 : diges- 
tible nutrients: protein, v* J l^tt, 0.4; soluble carbo- 
hydrates, 6.4 ; and fibre, 2.8';,. ; nutritive ratio, 3.3 ; 
starch equivalent, 12.9 lb / 100 lb. The leaves and 
stems constitute a rich source of vitamins A and C. 
However, reports from Hawaii and some other regions 
show that the plant is toxic. Used as pasturage in 


mixture with grasses, or fed green or in a semi-dry 
state after chopping, it caused abortion in cows and 
heifers ; it caused also anorexia, loss ol weight and 
emaciation. The toxic principle is reported to be 
identical with hiptagenic acid (/y-nitropropionic 
acid, Call.OjN ; m.p., 68°). which is also toxic to 
chicks (lethal dose for one week old chick, 5 g. of dry 
plant material) (Use of Leguminous Plants, 212; 
Burkill, 11, 1238 : Dalziel, 246 ; Nordfeldl ct a!., 
Tech. Hull. Hawaii a^nc. Sta., No. 15, 1952, 

5-22 ; Teik, Sci. Ser. Dcp. /Ignc. Malaya, No. 24, 

1951, 68, 83; Morris cl al., Science, 1954, H9, 322; 
Mcllroy, 21). 

I. enneaphylla Linn. 

D.E.P., IV, 385 ; FI. Br. Ind., II, 94 ; Kirt. eSc Basu, 
PI. 295. 

Sans. - F^/m/Av/ ; Hindi — Lalahai ; Gcj. Hhonya- 
gali ; Mak. Bhingule ; T\\\. — Sheppunerunji ; Tkl. 
— Yerrapalleru, chalapachlii, cheragaddani ; Kan. — 
Kenneggilu ; Mal. — Cherupullale. 

A small trailing, much-branched annual or 
biennial, distributed throughout India in the plains 
and up to 4,o<x> ft. in the Himalayas. Leaves nearly 
sessile, 7-1 1 foliolate ; flowers red, 10-20, in sessile or 
sbort-j)ed uncled spicate heads : pods thinly hairy, 
cylindrical with 2 globose seeds. 

The plant is relished by cattle. In 'Trinidad, it is 
grown in association with grasses in [laddocks and 
gardens, and subjected to regular grazing. Recent 
trials in Australia have shown that the plant is toxii 
to horses, causing incoordination of gait, violent 
tetanic spasms and haemorrhage in nostrils ; the 
toxicity is greatly reduced when the material is 
chopped and dried. The plant contains two iinsaturat- 
ed hydrocarbons, indigoferin (C%„H,,„ : m.p., 77°) and 
enneapbyllin (C.„,H,-, : m.p., 98”) in the ratio of 3; 1 
(I)uthie, I, 251 ; Paul, Trap. Agricidlurist, 1951, 107, 
225 : Bell & Everist, Au'sl. vet. /., 1951, 27, 185, 189 : 

1952, 28, 141 : Chatterji & Diitt, Proc. nal. Inst. Sci. 
India, 1937, 3, 371). 

The plant has been recommended as a green 
manure. Analysis of the leaves gave the following 
values: nitrogen (N). 3.26: phos|)horic acid (P.XL). 
0.53 ; pota.sh (K/^), 2.32: and lime (CaO), 1.85% 
(Idnani & Chibber, Sci. & Cult., 1952-53, 18, 362). 

The juice of the plant is reported to be antiscor- 
butic, diuretic and alterative. The plant is boiled 
with oil and applied to burns. A decoction is given 
in epilepsy and insanity (Kirt. & Basil, V, 710 ; Rama 
Rao, 108). 
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I. galegoides DC. 

FI. Br. Ind., II. loo. 

A tall shrub, up to 15 ft. in height, with twiggy 
branches distributed in Bihar, Khasi hills and 
Kerala. 1 . eaves with distinct petioles : racemes dense, 
2 -3 in. long : flowers |>ale red : pods 2.5-3 h>ng. 
with 15-18 seeds. 

This species was formerly cultivated in Java with 
Tectona grandis as a cover crop. The fresh plant, on 
steam-distillation, yields 0.2% of a light yellow vola- 
tile oil (sp. gr., 1.046) with the odour r)f hitter almonds 
and a herl)aceous aroma. The oil contains: henzal- 
dehyde, hydrocyanic acid and small amounts of ethyl 
and methyl alcohols (Use of Leguminous Plants. 
213: Cildcmeister & Hoffmann, II, 612). 

I. gerardiana Wall, ex Baker IIimai.ayan Indigo 

D.F.P., IV, 385: FI. Br. Ind., II, too; Collett, 
lug. 36. 

PuNjAiv -Krt//, hhcnli, luathu, kutz, shtignH, kalsti ; 
SiMi.A — Kntlii, tlicnt, ktiilui. 

A low, copiously branched shrub with short- 
perioled leaves, found in temperate and sub-tropical 
Himalayas at altitudes of 2,(KX)-i2,(MKt ft. Flowers 
bright red or rosy, in distinctly peduncled racemes : 
pods ly'z-z in. long, suit-cylindrical, glabrous, 6-10 
seeded. The plant is often gregarious in secondary 
scrub forests, especially in old clearings. It is also 
found associated with banj (Quercuf: inaina), blue 
pine (IHnus excelsn) and spruce (Picca morinda). In 
dry exposed conditions, the size of the plant is iniidi 
reduced. It affords shelter to tree seedlings in hill 
slo|H‘s. A variety of this plant, var. hetermuha, is 
found as far east as Bhutan and Khasi hills ascend- 
ing to 8,000 ft. (Osmaston, 151 : Parker, 132). 

The twigs of the plant arc used for basket work 
and for making rope bridges. 'Hie wood is white and 
hard, with an irregular heartwood of dark colour. 
I’he plant is re|K)rted to yield a fodder of medium 
value (Gamble, 230-31 ; Laurie. Indian Far. i.eafi. 
No. 82, 1945, 9). 

I. glandulosa Willd. Bkkki 

D.K.P.. TV, 386 ; FI. Br. Ind., IT, 94. 

(Juj. — Vekhariyny : Mam . — Rargadan : Tki.. — Barn- 
gadam, harapalalu , harapatani, hoowidapn. 

Dfx:(:an — Barhada, metikasa. 

An annual herb, hairy when young, found in U.P., 
Bihar and the plains of Deccan. Leaves trifoliolatc, 
distinctly petioled : j>etioles as long as the leaflets ; 
racemes sessile ; flowers small, red with excerted 


corolla: pods brown, finely pubescent with 1-2 
reddish seeds. 

The plant is variable : it is a common weed in 
the dry and sandy soils of the Deccan, Gujarat and 
other places. Four or live types of the plant havx^ been 
recogni.scd. of which one is late maturing in the Dec- 
can: this type is drought-resistant, leafy and palatable 
to cattle. By ctihication atui selection, plants bearing 
2-3 seeded pods have been raised. Individual seeds of 
cultivateil plants are nearly twice the si/e of seeds 
from wild plants. From a collection of kx) selecteil 
plants, 86 lb. of seeds were obtained (Knimbiegel, 
50 : Patil. Poona agric. Coll. Mag., 1956 57, 47 , 73). 

The seeds of the wild plant resemble ragi (Flntsinr 
coracana) and are sometimes used as famine food, 
'rhey are nutritive and contain about three times as 
much protein as wheat : the nutritive value is improv- 
ed by cultivation. Analyses of wild and cultivated 
.see<ls gave the following values: zcild srrds mois- 
ture. 8.2 : protein, 31.9 : fat, 2.2 : rarbohytirates. 46.7 : 
fibre. 7.8 ; and ash. 3.2*'., : cidtivalrd sirds — mois- 
ture. 8.15 : protein. 37.06 : fat. 4.89 : carbobvdrates, 
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36.05 ; fibre, 9.28 : and ash, 4.12%. The seed proteins 
have a liigh digestibility roeflicient (83%) and their 
biological value is about ecjual to that of pulse pro- 
teins (Krunibiegel, 51-52 : Gainmie, Rec, boL Surv. 
India, 1902, 2 , 179 : Kirt. & Basil, I, 701;; Bose & 
SubraiTiatiian, Ball, ccfit. lul tcchnol. Res. Inst., 
Mysore, 1953 54. 3 , 66). 

The plant provides forage for cattle, particularly 
when cultivated in good soil and in well-drained 
localities. It is highly palatable in the green condi- 
tion when cut before llowering. 'The plant has also 
possilnlities for use as green manure, ft gave a yield 
of 8,260 lb. of green matter per acre when cut before 
llowering (Burns ei al.. Ball. Dej^. /Igr/c. Botnhay , 
No. 78, 1916, 20: Gbavan Patil, Rooaa a<^ric. Coll. 
Ma^., 1952 53, 43 , 70). 

I. hirsutal/mn. IIaiky Inoico 

V\. Br. Ind., II, 9«- 

An annual or biennial lierb. 2 6 It. high, with 
grey or brownish pubescence, lound throughout 
India in the plains and up t<» an eleealion of 4,(too ft. 
in Kumaon. Leaves sbort-|>etioled, 2-5 in. long with 
^ 1 1 large obovate leallets : flowers red <>r pink, in 
dense axillary racemes : pods ' 4—54 densely 

pubescent, pointing downwards, 

/. hirsala thrives on poor sandy soils and is not 
allccied by any serious diseases and pests. It has a 
spreading habit and provides ample leafy material, 
ft is not, however, considered to be as satisfactory 
as I. endecapliylla for cover or green manure as its 
recovery after lopping is uncertain. It has been tried 
as a cover crop for citrus in U.S.A. ; sown in spring 
at the rate of 4-8 lb. of seed per acre, it gave a yield of 
about 15,000 11 ). of green matter per annum. In fndia, 
a yield of 8,000 lb. of green matter [)er acre has been 
reported in coconut gardens on the west coast. The 
manurial constituents present in the leaves are as 
follows: nitrogen (N), 2.14; phosphoric acid (P.O.). 
0.29: potash (K.X)), 1.84: and lime (CaO), 4.25% 
(Whyte et al., 280 ; A Manual of Green Manuring. 
72: Use of lA'guminous Plants, 213: Burkill, II, 1238: 
Ball. Indian Coeo}i. Comm., 1955-56, 9 , 83 ; llort. 
Abstr., 1953. 23 , 165 : Idnani Cbibber, Sci. Calt., 
*952-53- 3 ^^ 2 ). 

The |>lant is an important constituent of pastures 
and can yield a forage of good cpiality ; it can also 
be grown pure. It should be cur early so that it may 
not become coarse. Analysis of hay from plants cut 
at the flowering stage shows the following values: 
moisture, 10.68: crude protein, 13.65; crude fat. 
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1.4 1 : N-free extr., 46.04; fibre, 21.00; and ash, 
7.22 Vo : digestibility co-efficients : dry matter, 62.5: 
protein, 67.0 ; fat, 61.0 : N-free extr., 67.0 ; and fibre, 
53 - 5 % : digestible natrients : total digestible nutri- 
ent.s, 53.15; and digestible protein, 9.14%: starch 
value (Kellner), 40.1374: and nutritive ratio, 4.8 
(Whyte et al., 280 ; Cliem. Abstr., 1945, 39 , 235 ^>)- 
The plant has been reported to be toxic, in some 
cases, to cattle. The skin on the legs becomes swollen, 
scabby, cracked and often bleeding ; whether this is 
due to rnedianical injury or due to other factors or 
a combination of both is still uncertain. Ointments 
containing sulpha drugs may be applied to the 
affected parts to facilitate healing (Wehh, Balt. Coan. 
sci. industr. Res. Aast., No. 232, 1948, 88 ; West & 
Emmel, Ball. Fla agric. Exp. Sta., No. 510, 1952. 56). 

/. hirstUa is reported to be the source of intligo dye 
in W. Africa. A decoction of the leaves is employeil, 
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in Ghana (Gold Coast), as a lotion for yaws and, in 
Philippines, for diarrhoea and as sioinaehie (l)alziel, 
247 ; Qiiisiimbing, 407). 

1. linifolia Retz. 

IXK.P., IV, 3S6 ; FI. Rr. Ind., IT, 92 ; Kin. & Basil, 
J>1. 293. 

Hindi -7 orJii ; Bknc . — Bhanfrm Iliiukigali, 

nahatiigali ; Mar. — Bhmi^ra. 

Bombay — Bhauifra, btirhtira, damn, amcliit, jyaih 
dliarilyale, lorki : Dkliii sanklialiiili ; Santai, 

Tandikhodehaha. 

A slender, trailing or procumbent herb covered by 
silvery pubescence, distrilnited throughout the plains 
of India. Leaves simple, linear : flowers in i S flower- 
ed, short, sub-sessile, racemes : pods globose, silvery 
white, hard and one-seeded. 

Hie plant is mentioned as a fodder for cattle, 
although cattle do not appear to relish it. Under 
cultivation, the plant assumes a more or less erect 
form and a yield i)f c. lo.otx) Ih. green f<Klder per acre 
has been reportefl. In Sudan, the plant is known to 
grow luxuriantly in patches during the hot months, 
maintaining goats in good condition and in milk. 
The seeds are rejiorted to be collected and used as 
famine food (Gammie, Rec, hot, Stirv. India, 1902, 

2 , 179; Burns ct al„ Bull, Defy. /IgnV. Bomhaw 
No. 78, 1916, 22 ; Tothill, 865). 

The plant is given in febrile eruptions. The Santals 
use the. plant, along with Eiilyltorhia ihymifolia 
Linn., for amenorrhoea. It is also considered to have 
vermifuge properties. Alcoholic extracts of the plant 
contain an unsaturated lactone, liiiifolin (C'lartH.oOa • 
m.p., 95-96*), a wax. tannins, phlobaphenes and 
glucose. The wax (0.02'',, on the wt. of the plant 
material; m.p., 78 \ acid val., 11,87; sap, val., 

49.78) contains ceryl palmitate and some higher melt- 
ing |K»int constituents (Kirt. Ba.su, 1 , 708 <xj ; 
Burkill, TI, 1237 ’ Uupta Duti, Rroc. nat. Acad. Sci. 
India, 1938, 8, 49; Warth, 211). 

I. oblongifolia Forsk. .syii. /. lyaiicifolia Delile 

n.E.P., IV, 386 : FI. Br. Ind., II, 07 : Kirt. vV Basil, 
PI. 298. 

Sans. — Jliilla, mridn(yairaka, nila, raktapala ; 1'am. 
— Kattukkarchammatlii ; IV.i.. — Kondavcmpali. 

Dki.iii -//mngi, vilayali jhojtin. 

A woolly, branched undershrub, attaining a height 
of 4-6 ft., found throughout India growing even on 
the poorest of soils. Leaves argentco-canesceiit : leaflets 
3-7, oblong or oblanceolate : flowers tiny, bright red. 


with hairy corolla ; pod glaucous and distinctly 
torn lose. 

The plant is a good fodder for sheep. In Sudan, it 
is used as camel fodder. In S. India, it is used as green 
manure for wet lands (Tothill, 685). 

The plant is antisvphilitic. The root is cooling, 
improves ap|K*tite, removes valarakta and rheu- 
matism. Boiled with milk, it is used as a purgative. 
All parts of the plant are useful in enlargements of 
liver and spleen. 'The stems are used as a gargle in 
mercurial salivations and for washing teeth (Kirt. cV 
Basil, I, 712 ; Dalziel, 247 : Burkill, 1909, 22). 

I. pulchella Roxb. (FI. Br. Ind.) in part. 

D.K.P.. IV. 387 : I'l. Br. Ind., II, 101 ; Talbot, I, 
;,«2. Fig. 317. 

Hindi -.S\/A’c;^/, haktia : W\h.- Baroli, cliinnati, 
nirda ; Narinji : 'I’kl. Siralli, vn\\r ; Kan. 

f/ogge ; Mai.. Manali ; Oriy.v Girili. 

Santai. Dare hater, lilihichi ; Biiir, 7 ’ogW. 

A large shrub. 4 6 It. high, found growing grega- 
riously in moist evergreen forests throughout the 
Himalayan tract and on hills up to 5 ,(kki ft. Leaves 
shorl-petioled : leaflets 13-21, thinly hairy, pale 
green above and glaucous below ; flowers large, 
numerous, bright red to rose pink, in short peduncled 
racemes ; pods straight, i 2 in. long, with broad 
sutures and 8-12 .seeds. 

The flowers of the plant are .sometimes eaten in 
central India and Chota Nagpur. The loppings are 
u.sed as fodder in Ori.ssa. A decoction of the root is 
given by Santals for cough and its powder is applied 
externally for chest pains. The leaves and roots are 
u.sed for swelling of the stomach (Laurie, Indian For. 
Leaf!., No. 82, 1945, 2 : Kirt. tV Basu, I, 714 : Bressers. 
4,^)- 

I. subulataVahl ex Poir. 

FI. Br. Ind., II, 96. 

A weak, perennial undershrub with suliangular 
stems and long branches found growing among 
bushes on the hills of Krishna district, western ghats, 
Anamalais up to 3,000 ft. and in Coimbatore and 
Salem districts. Leaflets thin, glabrous above, jiale 
below with a few adpres.sed hairs : flowers lilac red. 
in elongate racemes ; pods linear, slender, sub- 
tetragonal, curved outwards, 10-15 seeded. 

The plant has been tried as a forage crop in Fast 
Africa and West Indies. It is similar in appearance 
and growth habit to I. endecaphyUa and is resistant 
to drought and light frost. Analysis of the plant, when 
6 weeks old, gave the fallowing values (dry basis): 
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crude protein, 27.64 : crude fibre, 13.93 * calcium, 
3.75 ; and phosphorus, 0.45% (Whyte cl al., 28: ; 
Guyadeen, Trap. Agriculture, Trin., 1951, 28 , 231 ; 
Warinke cl uL, Agron. 1952, 44 , 517 : Rogerson, 
E, Ajr, agric. 1954 - 55 * 240). 

I. suffruticosa Mill. syn. /. unil Linn. var. /)o/v- 
pliylla IK-. Wfst Tnuian Indico, Anil iNOKa) 

IV, 3S3 ; G.P., 661: Railey, 1947, II, 

Vig. 1958. 

Hindi Viluili nil: Tam. — Slnuiuivuviri ; Tk.l. — 
Shimanili ; Kan. — Sliimcnili. 

A perennial shrub attaining a height of 3-6 ft., 
native of tropical America and West Indies, and 
introduced into India, Burma, China, Indo-China, 
Pliilippines, Java and other south-east Asian countries. 
Leaves 2 3 in. long, peiioled: leaflets 5-15, opposite, 
ohovate-<»hlotig, glalirous above and pubescent below : 
flowers tiny, pale orange in colour, in short racemes 
of 15- 20 : pods curved, o. 3-0.6 in. long, 2-4 .seeded, 
thickened at sutures. This species was tried as a 
substitute for /. liuctoriu in Madras and Bombay, 
hut is not known to he cultivated at present. In 
Java, it was tried in place of /. suDiutrunu, hut reject- 
ed in favour of I, arrcclu (Burkill, 11 , 1234 ; Nicholls 
& Holland, 384). 

/. suffruticosa is hardy and can he grown on well- 
drained soil. It is propagated by seed, the seed rate 
being c. 10 lb. per acre. It is grown as a cover and 
green manure crop in coffee and tea plantations in 
Indonesia, Malaya, Ceylon and Africa. The plant 
contains: moisture, 74.7 ; ash, 3.2 : and nitrogen (N), 

0. 78V... It is grown to a limited extent as a pa.sture 
plant in Hawaii (Burkill, II, 1239: Dal/iel, 248: 
Whyte ct al., 281 : Mukherji & Agarwal, Bull, ludian 
Coun. agric. Res., No. 68, 1950, 6 ; A Manual of 
Green Manuring, 186 ; Use of T.eguminous Plants, 
210). 

The plant is considered febrifugal, vidnerary, pur- 
gative, antispasmodic, diuretic and stomachic. It is 
given for syphilis and epilepsy. In French Guinea, 
bruised leaves are used as anodyne in warm baths ; 
in decoction, they are sudorific. A decoction of roots 
and seeds is used for destroying vermin on human 
body and for urinary diseases and ulcers (Quisumbing. 
408). 

1. sumatrana Gaertn. syn. /. linctoria (FI. Br. Ind.) 
in part. 

C.P., 661, 663 : FI. Br. Tnd,, IT, 99 (in pan). 

Hindi & Benc. — Neel; Ta.m. — Nili, avuri ; Tel. — 
& Kan.— A/i7l 


A stout shrub, 4-5 ft. high, introduced into India 
from Malaysia and cultivated in place of /. lincloria 
in Bengal, Bihar, U.P., Punjab and Madras. Leaflets 
9 -15, obovate to nearly elliptic, 0.7-1.5 in. x 0.7 in. ; 
racemes 3-6 in. long : pods .somewhat obtusely curv- 
ed, I -1. 25 in. long. 

/. sumalraua was the principal source of indigo 
in Bihar and Bengal for a consideralde period, but 
was eventually displaced by /. arrecla. In S. India, 
however, it continues to be cultivated ; the chief 
areas of cultivation are: Cuddapah, Kurnool, 
Guntur, Nellore. Krishna and Godavari districts 
in Andhra Pradesh and S. Arcot and Chingleput in 
Madras (Burkill. II, 1239 : Dal/.iel, 248 : Davis, Agric. 
J. India, 1918, 13 , 200 : Mew. Dcp. Agric. Madras, 
No. 36. 1954, 683). 

The seeds of I. sumalraua germinate readily and 
unlike the seeds of /. arrecla do nnt need any pre 
treatment. In Madras, where it is more commonly 
cultivated, it is sown during Dcc.-Jan., generally as 
a dry crop, along with other crops like ragi, maize 
and gingelly. It is ready for cutting after 3 months 
and gives 2-3 cuttings taken at 2 months intervals. 
In the first cutting (c. 3 months after sowing), it yields 
about 9- TO thoiKsand lb. of gieen material per acie 
and in the .second cutting (c. 5 months after sowing) 
10-12 thou.sand lb. The yield of indigo cake obtained 
ranges from 25-70 lb. as against i3o- 2(K) 11). per acre 
from Java indigo. 'Phis low yield is attributed to the 
low indigo content of the leaves (Davis. Agric. /. 
India, 1918, 13 , 2(/) : Bull. Dcp. Agric., Madras, 
No. 74, 1918, 1 1). 

The plant is now giowp mainly as a green manure 
crop, preceding cotton, maize or sugarcane. In Java, 
the yield of green material from 5 months old plants 
is repoi’ted to be about one ton per acre, correspond- 
ing to 97.3 lb. of nitrogen ; the yield from one year old 
crop is 2.8 ions |)er acre, corresponding to 297.9 lb. 
of nitrogen (Use of Leguminous Plants, 210). 

I. tinctoria Linn. (FI. Br. Ind.) in part. Com.mon 
Tndioo, Indian Indic.o 

D.K.P., IV, 387 : C.P., 662 ; FI. Br. Ind., II, 99. 

San.s. — Nilla, nili, nilika, rangapatri ; Hindi & 
Benc. Nil ; Guj. Gali, gari, nil ; Mar.. Tam. & Kan. 
— Nili ; Tel. — Aviri, nili ; Mal. — Nilam. 

A shrub, 4-6 ft. high, found nearly throughout 
India, mainly as an escape from cultivation. leaves 
1-3 in. long, with 9 -13 leaflets ; flowers red ; pods 
glabre.scent, slightly curved or straight, y^-\ in. long. 
This s|x:cics is very variable. It is considered to be 
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Sufyt., LaUui\fh (lardrus, Bau^aJorc 


FIG. in. INDIGOFFRA IINC I ORIA-I RUTTING BRANC H 

Asian in origin, though it has hccn recorded as occur- 
ring wild ill Alrica. It was heing c iiltivated in India, 
China and otlier countries of the east as the source 
of indigo, hut was rejilaced first by /. simuilrmui and 
/. stiffruticosa, and later by /. arrvcla. 

The plant is not palatable to cattle : it is grown as a 
cover or green manure crop in coffee plantations and 
rice fields in South India. Analysis of the leaves gave 
the following values (dry basis): nitrogen (N), 5.1 1 : 
phosphoric acid (P/),), 0.78; potash (KoO), 1.67; 
and lime (CaO), 5.35%. It is a rich source of potash, 
the ash (4.4%) containing as much as cj.5% of soluble 
potassium salts. The indigo refuse, obtained after 
dye extraction, gave on analysis: nitrogen (N). 1.8; 


phosphoric acid (1*^0.,), 0.4 ; and potash (K.O), 0.3 Vo 
(Ycgna Narayan Aiyer, 613; Whyte ct al., 281 ; A 
Manual of Green Manuring, 100 ; Idnani Chibher, 
Sd, Cult., 1952-53. 18 , 362 ; Prasad tV Dange, 
Indian For. Lcafl., No. 95, 1947, 4 ; Mcni. Dcp. /Ignc. 
Madras, No. 36. 1954, 837). 

An extract of the plant is used in e[)ile[)sy and 
nervous disorders. I'he plant is used also in lironchilis 
and as an ointment for sores, old ulcers and haemor- 
rhoids. The juice of the leaves is used for hydro- 
phobia. In Cambodia, the leaves are given in decoc- 
tion for blennorrhagia. 'Phe Mundas of Cliota Nag- 
pur use the roots for urinary complaints (Kiri, it 
Basil, I, 713). 

1. uniflora Buch.-IIani. 

FI. Br. Ind., II, 94. 

Kax. — Kadii nri'li. 

A perennial with slender branched stems, found 
in pastures and waste lands on the west toast from 
Konkan southwards to Kerala, and in [larts of Coim- 
batore district during rainy months. Leaves small: 
leaflets 3-7, pale green, membranous : flowers small, 
solitary, red: pods straight, linear, glabrous. 4 7 
seeded 

I’his species is sometimes found gniwing 
gregariously in protected areas even on poor 
soils. It is relished by cattle and possesses high 
nutritive value. A yield as high as 5,850 lb. of green 
matter per acre, when cut in flower, has been 
reported for a self-sown manured plot. An.dvsis of 
the plant gave the following values (airdrv 
material): moisiiire, 9.5b: crude protein, 12.2b; 
ether exit*., 2.4b : crude fibre, 40.52 : carbohydrates, 
29.71 : and ash. 5.^9";. (Narayana, Madras aifric. 
1950, 37, 259). 

Besides the species dealt with above. /. australis 
Willd., /. dosua Buch.-IIam., /. nuninnilarifolia 
(Linn.) Livera (syn. /. rchinata Willd.) and /. 
trifoliata Linn. (V\. Br. Ind.) in part, are useful 
fodder plants. The last named species (including 
/. prostrata Willd.) is found throughout India ; an 
outturn of 6,000 Ih. of green matter per acre in two 
cut lings has been reported from Poon.i. In feeding 
value, it is comparable to /. ^landttlosa. /. australis is 
re[)orted to he cyanogenetic in Australia. The flowers 
of /. dosua are used in Kangra as pot-herb jDalziel, 
246 : Burns ct al., Bull. Dcp. Afrric. Bomhaw No. 78, 
1916, 20; Webb, Bull. Couti. sci. indust r. Res. Attst., 
No. 232, 1948, 87 ; Santaiiaii, Rrc. hot. Surv. India, 

"AW- 641- 
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/. znllvigcruftia Mi(|. syii. /. Baker (Kl. 

Br. Jiid.) in part non DC. ; /. tv\smatini Miep, a 
perennial (piiek growing sliriib, at times reaching a 
height of 2 1 ft., has been introduced from Indo-China 
into liulia and Ceylon and has been tried as a shade 
tree in tea, coffee and cocoa plantations, and as a 
green manure crop in coconut groves. The plant is 
grown from seeds sown in the nursery and seedlings 
lrans|>lanted when c. ft. high. It starts flowering 
in about y months. A single plant, ^pyear old, is 
re|>or(ed to yield as much as 25 lb. of green material 
in a year. For use as shade plant, the lower branches 
are lopped off and trimmed (Whyte ct al., 281 ; 
(jH'oti. Bull., 1957-58, 11 , 1 18; Paul. 7 Vo/). Agricul- 
turist, 1953, 109 , 27). 

/. glabra Linn. (syn. /. pctitaph\lla Linn.), /. trila 
lann. f. and /. trifoliata are reported to possess medi- 
cinal properties. 'Phe leaves of /. glabra are used as a 
hitter tonic and fehrifuge : it is used in external appli- 
cation as an emollient. The .seeds of /. trita are consi- 
ilered nutritive, while those of /. trifoliata are given 
as a restenative al<»ng with other mucilaginous drugs 
(Kin. & Basil, I, 717, 716, 71 1 ; Chopra, 4cj8). 

'riie twigs of /. hcbcprtala Benth., found in the 
Himalayas from Kashmir to Sikkim, at 6 ,(xx)-i5.(K)o 
ft. are used, like those of /. gcrardiana var. bctcrantlia, 
for basket work and rope bridges, /. atropurpurca 
Buch.-llam. (including /. lunuiltouii (irah.). which 
occurs from Punjab to Khasi atul (iaro hills in 
Assam, is used for similar purposes (Canible, 231). 

/. parvi/lora I leyne, a small, copiously branched 
atiiUKil, occurs in wet ])lacrs in the plains of Carnatic 
and Deccan Peninsula. A yellow dye is said to be 
extracted from the plant in West Africa and employ- 
ed for dyeing leatJier. /. lougcraccuiosa Boiv., a slen- 
der shrub with woody branches occurs in the south- 
ern pans of Kerala and is rc’ported to yield a dye 
(Dal/iel, 247). 

INSECTS AND INSECT PESTS |l>hyliiin 

Artliropoda, class Insccta (Hc.\apoda)\ 
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Cenk.kai. Ciiarac:ti:ristic:s and Disiribduon 

Insects arc generally accepted as the mcjst domi- 
nant group of animals on the earth at present. Both 
as species and as individuals they far outnumber 
the combined total of the rest of the animal kingdom. 
Over a million species of insects have so far been 
named and it is believed they represent but a small 
fraction of the species still awaiting discovery. It is 
cpiite likely that in the geological past, a much larger 
number of inscc:t species flourished, but many of them 
have become extinct. Some idea of the inagnitude of 
the extinct forms may be gained from the fact that 
more than 12,000 species of fossil insects are already 
known, a number certainly large considering the frail 
nature of the body of insects. 

The ancient Sanskrit literature of India contains 
numerous references to insects and the vital role they 
play in human economy. There is a good deal (d 
mention in this literature of such familiar insects 
as honey-bee [Madhu-maksliika), ants [Pipilika), 
species of Xylocopa and Bombus (Bhraniara), in addi- 
tion to Hies, hornets, was|>s, moths, glow worms, etc. 
Likewise, lac and silk insects have been known in 
India since very ancient times. 

Insects are air-breathing arthropods (animals with 
jointed legs) with the body differentiated into three 
distinct regions, namely the head, the thorax and the 
abdomen. They are distinguished from the other air 
breathing arthropods like scorpions, spiders, mites, 
ticks, centipedes and millipedes by their single pair 
of antennae, paired compound eyes, three pairs of legs 
which are confined to the thorax and by their having 
two pairs (or sometimes one pair) of wings. Insects 
are iiuleed the only animals, other than bats and 
birds, which are capable of true flight. They vary 
much in si/e. Some of the insects, like the Indian 
Myviar which deposits its eggs inside the eggs of 
various a(|uatic insects, hardly measure 0.25 mm. 
long. Others, however, may be larger even than some 
of the smaller mammals ; the fossil dragonfly, Mcga- 
ncura, which flourished in the Middle Upper Carboni- 
ferous Epoch in many parts of the world, had a wing 
span of 7(K) mm. While some insects arc dull and 
sombre coloured, many possess exceedingly brilliant 
colours, ranging from yellow, orange, red and blue 
to various combinations of these, and arc often also 
iridescent. Many of the common insects are objects of 
exeplisite beauty, colour and markings. Insects possess 
many complex sense organs. The sexes are separate 
and are often marked by very pronounced sex dimor- 
phism (differentiation of form). Most iirsects are 
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oviparous, i.c. they lay eggs. Many species produce Insects have niiinerous enemies and also sulVer from 
larvae without laying eggs, i.e. they are viviparous, many fatal tiiseases caused hy hacieria, fungi, proto- 
Both parthenogenesis (reproduction without fertili- zoa, worms and various kinds of viruses. Insectivorous 
zation) and paedogenesis (reproduction by larvae and plants like the suntlews (Droscra spp.) and l)ladder- 
pupac) also occur in insects. Polyemhryony (produc- worts (jU tricularia spp.) take a very heavy loll of 
tion of two or more larvae from a single egg) has insects, anti insectivores. such as fishes, frogs, lizards, 
been described in several species, some of which occur birds, rodents, pangolins and many other mammals, 
commonly in India. Their development is typically systematically hunt for insects as food. I'he worst 
through metamorphosis. enemies of insects, however, are insects themselves. 

The earliest insects in general were amphihiotic At every stage of their development the insects are 
and had more or less prolongetl larval life in water, subject to attacks of one or more species of inseit 
with a comparatively brief aerial existence as sexually predators and parasites. But for this the insects would 
mature adults. The vast majority of the present day have multiplied to such an extent as to completely 
insects are, however, typically terrestrial, hut many dominate the earth, 
of them have secondarily taken to aijuatic life. Insects 

occur everywhere on the earth, literally wherever life Slruciurv of the Body 

is just possible ; they are abundant in the tropics and The organization of the body of insects is remark- 
temperate regions atul also common in the ice of the able for its combination of minimum constructional 
arctic. They liave been found even in hot and sulphur material, maximum mechanical efiiciency, great coin- 
springs, deep wells and caves, glaciers and snow fields pactness, rigidity and strength of the skeleton, great 
of the high mountain ranges of the world. Many are llcxihility, and extreme freedom of movement of parts 
parasites on or inside plants and animals, including and general plasticity. 'I'hese characteristics are partly 
other insects. Some like the ants, the honey-bees due to the small size of tlie hotly and partly due to 
and the termites are social insects and live in complex the exoskelelon. Insects have no hones, hut their hotly 
colonies, characterized hy polymorphic castes. wall (integument) itself constitutes an elTeciive e\- 

Insects are capable of walking, running, climbing, ternal armour of hardenetl plates (sclerites), whiclt are 
burrowing or jumping on grtiund, skating on the movahly articulated together hy means of ilexilile 
surface t)f water or swimming atitl diving in water, membranes. The exoskeleton consists of a luticle 

On wings they can reatlily fly forwards, abruptly secretetl hy the hypodermis tlerivetl from the ecto- 

arrest movement anti fly backward or sitleways or tierm of the embryo. The cuticle is chemically coin- 
even remain stationary in air, hovering on wings, posetl of laminated layers of a complex protein, 
'J'hey can take off vertically in flight from the gniund. chitin-arthopotlin. 'riu* inregumeiit has many external 
Some of them attain astonishing speetls in flight, cuticular processes like hairs, scales and spines, anti 
I'heir strength and ptiwers t)f endurance tiften seem internally it is reinforcetl hy ritlges. There are also 
incretlihle. The Intlian stag-horn beetle, Lucanus sp., numertjus glantls which secrete substances like wax, 
can, for example, haul an object, nearly a luintlred scents, resins, fibres and moulting fliiitl. 'The re- 
times its own hotly weight, over a tlistance more than inforcement of the body wall hy the non-elastic t uticle 

twenty times the hotly length, for almost half an hour sets a limit to increase in the size of the hotly, 
without fatigue. 'Fhe common flea with legs hardly a so that the insect in its immature stages has to moult 
millimetre long can jump a horizontal tlistance t)f at intervals to attain its ntirmal atlult size. The integii- 

nearly 13 inches anti a vertical height of S inches. ment has a thin water-pnitif ctiating of wax that 

Insects may he saitl to he truly t)mnivt)rous. Their prevents desiccatitin t)f the hotly fluitls. It is also the 
footl includes nearly every tyjK* t)f tirganic matter, chief seat of ct)lt>urs. The great variety t)f coltiurs 
living or death NtJthing is indeed neglected hy them- t)f insects fall into twt) groups: structural anti pig- 

nt)t even the excreta of other insects. meiitary. The structural ctilours are tlue tti light 

In.sects ptissess astonishing powders t)f reprt)tluclit>n scattering, reflectitm, refractit)n anti tliflractit)n eflects 
aiul lay enormous numbers of eggs. They thus as a result t)f certain peculiarities in the tnimite 
multiply extremely rapidly. Oiven favourable contli- structure of the integument. The pigmentary ctilours. 
tions, it is said that a pair t)f the ctimmtin htniscflies on the other hand, result from some tlefinite chemical 
W't)uld, for example, produce in about six mt)nths a substance, such as chlt>rt»phyll anti melanin, 
progeny of trillions of flies. The exoskelettm Itirms typical rings one hehintl the 
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KIG. IH. STAG-HORN BHKH M (MIGANllS SP.), MAI.K (NAT. ST/K) 

oiIkt, separated hv iiieinbraiioiis folds, so that the 
body of the insert is segmented. This segmentation 
is only external and the l)ody cavity is imsegmented. 
Kach segment is typically composed of a dorsal 
tergiim and a ventral sternum (onnected at the sides 
hv pleural membrane. 'Fhe segments are hetcro- 
nomous and are reduced, enlarged, consolidated or 
otherwise modified to form the three regions of the 
hodv. The head is composed of six body segments 
immovahiv fused together and greatlv modified. 'I'hc 
head bears the mouth parts, antennae, ccmipoimd eyes 
and brain. The large si/e of the head in many in.sects 
is not due to the si/e of the brain, but to the powerful 
jaw muscles or the suction pump which helps itisects 
to feed on 1i(|uids. 'I'lie thorax which is the locomotor 
centre of the body botli on the ground and in the 
air is com|3osed of three body .segments, namely pro- 
thorax, mesot borax and metathorax : the proportions 
of these segments vary greatly. The legs are confined 
to the thorax and are often modified for walking, 
running, climbing, jumping, digging, scraping or 
tearing fibres, moulding wax. swimming, capturing 
prey, skating on the surface of water, clinging to hairs 
or feathers of host animals and for carrying loads 

I8t3 


during flight. The long-horned grasshoppers have 
cars (tympanal organs) on their front legs. Most 
insects have also special combs on the legs with which 
they clean the wings, antennae and other parts of 
the !)ody. Wings are l)orne by the mesot borax and 
metathorax and the prothorax does not have wings 
in the present day insects. The wings of insects are 
lateral expansions of the body v/all from the tergite 
of tlie thorax, reinforced by veins. Kunctional wings 
occur in adults only. "J'he si/e, shape and texture ol 
the wings differ widely. The fore wings are smaller 
and often modified into parchment-like or horny 
cases. (|uite useless in flight, but serving as protective 
covers for the membranous hind wings, which are 
much larger and u.sed in flight. The wings are also 
variously clothed with setae (hairs) and scales, and 
patterned in different ways. 

rhe abdomen of insects is often the longest part 
of their body. It is often more or less hidden under 
the wings. It differs fiom the head and the thorax 
in the ab.sence of paired appendages. The visceral 
organs, like the major part of the alimentary (anal, 
the heart and the excretory, circulatory and repro- 
ductive organs, are contained within the abdomen. 
The male and female external genital apertures are 
located at rhe end of the abdomen. The tip of the 
abdomen also bears clasping organs for use in 
copulation, and the ovipositor for egg laying. 

'I’he mouth parrs, used as organs of ingestion, have 
three pairs of jaws: hiring mandibles, the holding 
maxillae and rhe second maxillae fu.sed into th*' lower 
lip or labium. Added to these are the anterior li[), 
the labrum. and internally the hypopharynx and the 
epipharynx. 

Insects feed l)y different methods, depending largely 
on the nature of food. The mouth parts ;ire, therefore, 
modified in different inset is and inc lude the follow 
ing main ty|)cs: biting and chewing: rasping and 
sucking : |>iercing and sucking : s|>onging : siphoning ; 
chewing (or cutting) and lapping. The biting-chewing 
type of mouth parts is found in grasshoppers and 
termites. The rasping-sucking type of mouth parts is 
found in thri|)s in which the right mandible is 
reduced : the left mandible, maxillae and hypo- 
pharynx are elongate and move out through an 
opening in a cone-shaped head. The piercing-sucking 
type of mouth parts is .H*en.in various bugs, like the 
common bed-bug. Tbe labrum and labium, in tins 
type, are elongated to form a rostrum or beak, con- 
taining the long needle-shaped stylets, which are the 
modified mandibles and lacinia of the maxilla. '^I'he 
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maxillary stylets form ihe food channel. The mouth 
parts of the common houselly constitute the typical 
example of the sponging type. The labium, here, 
is modified into a soft, elbowed rostrum, ending in a 
haustellum, hearing a labella. The lahcllar surface is 
grooved by the so-called pseudotracheae. These insects 
sponge the lu|uids from moist surfaces. The siphoning 
IV|K‘ of mouth parts, found in hutlerflies, comprises 
a long coiled proboscis, composed of the elongated 
galea of the maxilla. 'I'he mandibles are ahseiu. 'riie 
tip of the proboscis is capable of piercing the skin 
of nectaries of flowers and sucking up the litpiids 
through the food channel formed between the galeae. 
'Fhe chewing-lapping type of mouth [)arts is typical 
of the honey-bees, 'I’he mandibles are short and tooth- 
less. 'I'he galea of the maxilla is elongated into sword- 
like lancets which help in puncturing tlie nectaries 
of flowers. The glossa of the lahium is elotigated into 
the tongue with which the honev-hee laps off the 
nectar. 

Development 

rhe eggs of insects are variable in si/e, shape anrl 
markings and are usually deposited either directly on 
or in the immediate vicinity of the food of the future 
larvae. 'I’he number of eggs laid by an insect is usually 
very large. Some species lay between 2 ,(xk) and 
eggs |)er day and continue at this rate for several 
weeks or even years. The (pieen termite lays over a 
million eggs during her life time. Rarely, as in the 
aphids, the female lays hut a single fertilized egg in 
Iier life. 

i'Uc eggs are rich in yolk, which is mostly concen- 
trated in the centre of a peripheral mass of proto- 
plasm. Development begins with the fragmentation 
of the zygote nucleus, and at the end of the embryonic 
development the adult does not always hatch from 
the egg, hut various types of larvae do which feed 
a.nd undergo tnetamoiphosis before the sexually 
mature adult emerges. In some ca.ses, the larvae are 
in a fairly advanced state of development when 
hatched and often also possess the rudimetits of wings, 
riie metamorphosis in such cases is slight and the 
insects arc classified as Heterometahola. In other 
cases, the larvae are in a very immature condition on 
hatching ; there is then an apparently (juiescent pupal 
stage before the winged adtilt ap|X'ars. There is thus 
complete metamorphosis in such insects and they are 
termed I lolometahola. 

Kach change of form in the course of meta- 
morphosis is marked by a moulting and usually also 


by an increase in size, weight and complexity of 
structure. An idea of the growth in size of insects 
may \>c gained from the fact that in some the 
sexually mature adult ofteti weighs 7o,o(x) times the 
newly hatched larva. During metamorphosis most 
larval structures undergo histolysis, in the course of 
which the tissues are broken down, often by phago- 
cytosis, and the material thus obtained is utilized by 
masses of histohlasts in rebuilding the adult organs, 
liormones and many external factors, chiefly tem- 
perature. regulate the course of insect metamorphosis. 

Chissification 

Insects are classified on the basis of metamorphosis, 
wings, mouth parts and other characters. 'Fable i 
gives an idea of the classification of the class hiseeta. 

Disirihution of Indimi Insects 

With its wide range of geographical, climatic' and 
other ecological conditions. India is exceedingly rich 
in insect life. 'Fhere are reasons to believe that not 
less than half a million species of insects actually 
exist in India. However, a large mimher of insects is 
still unknown and only about 5 o,cmm) species occurring 
within the faunal limits of India (India prc>|)er. 
Pakistan, Burma, Ceylott, Nepal, Sikkim and Bhutan) 
have been described. 

Of the 34 living orders of insects, only Prolnra and 
Diploglossata have not been recorded in India. 'Fhe 
approximate numhers of species in various orders 
described .so far from Itulia are given in 'F.ihle 2. 
Coleoptera and Diptern are the orders which approxi 
mately dominate the insect population in India. 
Although the order Dipteni is only half as ahundaiu 
as Coleopteni, there are reasons to believe that the 
niimher of species of this order actually occurring 
in India is not less than three or four times that of 
Coleoptera. 

Though the givat hulk of insects from India con- 
.sists of oriental forms, especially the Indo-Malayan 
types, a certain proportion of Palaea retie and 
Kthiopcan faunal elements are frcc|uently met with 
in different parts of the country. 

The J\alaearctic faunal element is largely confined 
to the Himalayas, parts of the Punjab, Kashmir and 
neighbouring areas. 'Fhe Kuropeatt component of 
the Palac'arclic is, however, extremely small. Roth 
Northern (Boreal) and Southern (Mediterranean) 
Palaearctic forms are found. The Kthiopean forms, 
as may he ex|K*cteci, are relatively more frecjiient in 
the desert areas, though some of the species occur 
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TABLE I-CLASSIFICATION OF CLASS INSECTA 


Lcf^ion: Plcrwi^ula (winged insects) 

■' I 
I 


Subclass 1 : 

E\opter\}^ot(i (HeterometalMila- 
Insects with simple meta- 
morphosis) 

Siiperorder 

i 

Kpbemeroidea 

C )rder 

1 

Epht-nifrida .Mayflies 

Sii|>eroi*tler 

ii 

Perloidea 

Order 

1 

Plviuptvra Stoneflies 

Superorder 

iii 

Libellidoidea 

Onler 

3 

Othniala 1 )ragonflies 

Superortler 

iv 

I'.mbioide.'i 

Order 

4 

Emhiopltra Kmbiiils 

Siiperorder 

V 

Orthopteroidea 

Order 

5 

( i ry II oh la 1 1 oiV/ivi ( J r y 1 lo • 
blatta 

Order 

6 

Orlhoptcra (Jrassboppers, 
locusts, crickets 

( )rder 

7 

Phasmida— l .<*al’ i nsect s, 
.stick-insects 

Order 

S 

Pi’rtnapicra Farwigs 

Order 

9: Diplo^lossata- Ilemi- 
merids 

Siiperorder 

vi 

Blaitoidea 

Order 

10 

lilatlaria Oickroaches 

Order 

11 

Manlodea- Praying 
mantids 

Order 

12 

Isoptfra 'I'ermites or white 
ants 

Order 

13 

y.oraplcra /orapterans 

Siiperorder 

vii 

Psocoidea 

Order 

14 

('arrodvntia- Book lice, 
p.socids 

Order 

I.S 

Mallopha^a Bird lice, 
biting lice 

Order 

16 

Anoplura True lice, suck 
ing lice 

Siiperorder 

viii 

Tliys:ino|)teroidea 

Order 

17 

I'hysauoptfra ' I'h r i ps 

Siiperorder 

ix 

lleniipteroidea 

Order 

18 

llt'leroplt'ra — True bugs 

Order 

19 

Ifomoptera Cif'adas, 
aphids, mealy bugs, 
scale insects 


(!las.s: INSFA'/t'A {Hfxn/xnid) 


Subclass II: Kmiofitery^ota (Holometabfda — 
InseclK wiili complete meta- 
morphosis) 


Siiperorder x 
Order 20 
(>rder 21 


(!oleopreroidea 
( ’oleoptvm Beet les 
.S’ / re/* VI />/en/ St y lops 


Sii|K‘rorder xi : Ifymenopteroidea 

Onler 22: //vmem»/»/erfi •Ants, bees, 

wasps 


SiijH’nirder 

Order 

Order 

Order 


XII : 

U: 

24: 


Neiiropteroidea 
A/egii/n/ifern- Dobsonflies 
Neuroptera- Lacewings 
R ha ph ifioi A t^a~ Snake- 
flies 


Sii|KTorder xiii : 
Order 26: 
(^rder 27 : 
Order 28: 

Order 20: 

Order .^0: 


Panorpoidea 

Mecoptera Scorpionfl ies 
Trivhoptcra Cadd isflies 
l.epidnpterti — Butterflies, 
moths 

lyiptera -Flies, gnats, 
midges, mosquitoes 
Siphonaptera- Fleas 


I ,egion : 

w 

Subclass 


Order .^1 
Order M 


Siioclass I\ 
Order .VI 


Subclass V 
Order 34 


Aplt'ryfiota (primarily 
ingless insect.s) 

HI: Thysauura 


: Thysanura SilveiTisli 
: .l/>/errt - -|a[)ygids, 
cam|M>deans 


' : CoUcmhola 
: CoUfmhola — Spring- 
tails, snowfleas 


: Prnlura 

: Prntura Protiirans 
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TABLE 2~TAXONOMlC COMPOSITION OF INDIAN 



INSECT FAUNA 


Order 

No. of 

% of total 


species 

reeiirded 

Odonata 

7()0 

1.4 

Orthol)tera 

,\M) 

(t.7 

ho ft t era 

175 

0.4 

lleteroftlera 

1.000 

2.0 

Homttfftera 

1 .000 

2.0 

Coleoptera 

20,000 

40.0 

Hymeuoptera 

5,000 

10.0 

l.e/tidoliteni 

7.000 

14.0 

nil*! era 

10.000 

20.0 

Ollier Orders 

4.705 

0.5 

Tolal 

50,000 

100 


as far south as Madras and as far cast as Assam. Not 
all the species now found in India are really iii<li- 
genous ; several s|)ecies have hecn introduced, un- 
wittingly or deliherately, hy man from various parts 
of the world, even from places as distant as Australia 
and South America. Nearly all these species have 
hecome naturalised and have often spread over vast 
areas of land, replacing some of the indigenous 
species. The common household cockroach, /Vr/- 
j)l(ijict(i amerkam Linn., may he mentioned as an 
example of an insect hrought hy trading ships from 
tro|)ical America. This species is at present found in 
every jiart of India and it is hard to realize that three 
or four centuries ago it was wholly unknown in the 
Old World. Another undesirahle introduction in the 
early part of the present century is the notorious 
fluted scale (cottony cushion scale), Pcriccr\a purcJiasi 
(Mask.), a native of Australia. The introduction of 
several s|)ccies of Australian wattles as ornamental 
and avenue trees in South India hrought the fluteil 
scale also into the country. ])ut its entry was not 
suspected until some years agf), when it had spread 
far and wide and threatened wattle cultivation. 
Notable among the deliberate introduction of foreign 
insects is the cochineal bug, a native of tropical S<nith 
America, for the eradication of prickly pear in South 
India. 

The distribution of insects in India is very uneven 
with respect to both species and numhers. India can 
be divided into eight subdivisions: 

(i) The N. W. Himalayan and W. Tibetan sub- 
division includes the western parts f)f Tibet, Kashmir, 
Ladakh and the Himalayas west of the river Sutlej. 


This area is largely unexplored and the species 
recorded from it are about 6", of the total numher 
of species described from India. The species are 
adapted for a cold, dry, wind-swept and mostly 
treeless area, and are generally endogenous or teri- 
colous. True forest types are rare or wholly absent. 
In general the forms are of the Northern Palae.arctic 
type. 

(2) The K. Tibetan subdivision embraces the upper 
Brahmaputra valley within the Himalayas. Norih- 
Kast Frontier Agency, the eastern |)arts of Tibet 
and parts of Assam. These areas are relatively less 
dry. There is a conglomeration of south Falae- 
arctic and north Indo-Malayan insect types and a 
pronounced preponderance of forest species. 

(3) The C. and K. Himalayan suhdivisi(»n covers 
'rehri-(»arhwal. Kuinaon, Nepal. Sikkim, Bhutan 
and the eastern end of the Himalayas. A large j)ro- 
portion of characteristic boreal Palaearctic species 
and typical Indo-Malayan forms are reported from 
this subdivision. The insect fauna is comparatively 
better known and the number of species so far 
described amounts to about 15' V, of the total number 
known from India. 

(4) 'I'he Desert Zone comprises parts of the Punjab, 
Rajasthan, Cujernt an«l western parts of Uttar 
Pradesh. Although the dominance of Indo-Malayan 
types is evident, the Ethiopian and south Palaearctic 
(Mediterranean) insects arc also abundant. Many 
species extend as far east as Kanpur in the Cangetit' 
plain, whereas some typical forms of the (^-ingetic 
|)Iain also occur near Ajmer in Rajasthan. 

(5) The Gangetic Plain subdivision includes Uttar 
Pradesh. Bihar and Bengal and its insect fauna 
presents many striking features. 'Prue forest forms 
are sparse, but the grassland sjx'cies appear to have 
changed into farm inseits. The numher of species 
recorded from the Gangetic plain is considerable and 
the area is more fully explored than most other parts 
of India. Phe hulk of the species consists of tropical 
types, many of which have hecome secondarily adapt- 
ed to the winter of North India as evidenced liy their 
brief hibernation. The insect fauna of this area 
appears tc* be relatively of recent origin and younger 
than that of Peninsular India. 

(6) The W. Cihats faunal subdivision covers the 
narrow west coast plains, the Sat pit ra, the Vindhyas. 
parts of the Deccan plateau and parts of the 
Aravallies. The forms are typically tropical rain 
forest types, and represent probably the oldest insect 
fauna of India. There is a pronounced airmity between 
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Flfl. 115. MAP or INDIA SHOWING FAUNAL SUBDIVISIONS WITH 
REFEKENCt TO DISTRIBUTION OF INSECTS 

I he spcdcs of this subdivision and tliosc of the sub- 
division coin|)rising hilly areas of Burma and Assam, 
d'he insect species on the Vindhyas and Sarpura show 
a transitional insect type hetwt^en the Assam-Bunna 
iiLsect faima and the western ghats fauna. 

( 7 ) The Malayan subdivision comprising in India 
the hilly areas of Assam is remarkable for the domi- 
nance of humid tropical genera and species which 
extend eastward to Thailand (Siam) and Philippines. 
Insect life of this subdivision is definitely older than 
that of the Gangetic plain and its origin may he con- 
temporaneous with that of the western ghats. 

(S) The Coromandel coast insect fauna is relatively 
better known than even that of the Gangetic plain, 
though [)arts of the eastern ghats have not been fully 
explored. The species found are mostly tropical plain 
forms, which seem to have been derived partly from 
the fauna of the western ghats and partly from the 
Vindhyati regions. 

'I hese faunal subdivisions differ widely in area, 
topography, climate, vegetation and other conditions 
and also exhibit more or less pronounced differences 
not only in the species of in.sects inhabiting them, 
but also in the habits, abundance and adaptations 
of the insects. Finally it has to be noted that the 
boundaries of these subdivisions are arbitrary. 

From the standpoint of human economy, insects 
may be broadly classified into injurious, beneficial and 
neutral forms, 


Insects which infest, crops in the. lield and agri- 
cultural produce during storage and those which 
cause diseases in man and farm animals arc directly 
injurious ; those which attack other insects which arc 
beneficial to man are indirectly injurious. Insects 
which serve as pollinators of plants, destroyers of 
noxious weeds and as natural scavengers may be 
grouped under beneficial insects : predators and 
parasites of insects which attack crops are indirectly 
l)eneficial. Some forms are used as food lor fish and 
other animals, even man : some insects possess 
medicinal properties and some yield useful products, 
like dyes, lac, silk, honey and wax. Hie majority of 
insects are economically unimportant. 

Inh'kioi s Inskci.s and Tiikik Gontkol 

The major in.sect pests of cultivated and lorest 
plants are brielly mentioned in the lollowing para 
graphs : more detailed accfmnis are lound under 
individual plants. 

FKsr.s OF i:iT.riv.viF.i) im.a.ms 
Ccrciil ( .Vo/>.v 

The rice crop in India is subject to the attacks 
of several serious pests. Seedlings in nurseries are 
subject to the depredations of the swarming cater- 
pillar. Slyodoptcra niaiiritui Boisd.. and the leaf beetles, 
rice hispa, liispa armi^cra (Oliv.), and blue beetle ol 
paddy, py^maea Baly. At the tillering stage 

the crop is subject to the silver-shoot disease (Tam. 
Aiiaikombu ; 'I'kl. -Kodu) caused by the gallffy, 
Pac1i\(Hplosis or^zar (W. M.) NIani : it is also 
attacked by the rice grasshopper, I Urm^lypliiis 
banian Fabr., and the phadka or kharif grasshopper. 
//. nigrorepictns Bol. The rice mealy bug, Ripersia 
oryzae Gr., causes the soorai disease of paddy. Various 
leaf bugs and the caseworm. Nymphnla dcpnnctalis 
Guen., cause damage to young paddy. Farheatls are 
attacked by the rice bug, i^rptocorisa varicarnis Fabr. 
The stem borer, Schovnobins inccrtcllns Wlk.. and 
the root-weevil, Kcliinocnetnus oryzav Mshll., are also 
.serious [X'sts. For the control of the pests, spraying 
or dusting with DDT or BUG is effective. The larvae 
and grubs of caseworms and beetles arc destroyed by 
Hooding the lield and adding a little kerosene oil ; 
tobacco refuse or a mixUire of superphosphate and 
ammonium sidphate is applied as manure. A few 
wasps and parasitic flies attack the caterpillars. 

The wheat crop in India is comparatively free 
from serious insect pests. In Peninsular India, wheat 
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PBSTS OF CULTIVATKD PLANTS AND STORBD AGRICULTURAL PRODUCTS 


1. Paddy sCem-borcr (Sihomohius imeitellu\) inside the stem of rice plant f l|); la. female moth f ■ Mi 2. Swarming caterpillar t.Slunlti/iiftn nunnitin) 
on rice plant (nat. size); 2a. moth (nat. size) 3. Green earhead bug 'rVi/firri//i female ( 4i 4. Deccan grasshopper K.'oUnuniiti \fthnunioif/r\\ 

feeding on millet crop ( ' !lrT>): a. dorsal view: b. side view 5. Jowar gallflies ^f'oniaitnia fwtfivpoinmi^) in the act of oviposition on carhcad of jowar ' ' 7) 
6. Rice weevil (Sitophilus ory::af) ( H); 6a. weevil gnawing into a wheat grain: Sb. larva inside a wheat grain 7. Angoumois grain moth iSiiotiona cereaUHn) 

( x 3)| 7a. egg; 7b. larva: 7c. pupa inside a grain 8. Tur pod fly {Atiramyza ohtusn) i ' »i); 8a. affected pods showing puparium at *p* 9. Lucerne caterpillar 
{Laphygma exigua) fnat. ai*e); 9a. moth fnat. size) 10. Red gram bud weevil {Ceuthnnhymhus aypnulux) ( - |0) 11. Pulse beetle iliruchus rhhienux) ( ■ 7); lla. 
affected pea showing eggs and ezit hole of the beetle 12. Dusky cotton bug [0\Ycartnu\ .'arius) { ^ 6) 13. Caterpillars of sann hemp moth < I'ltthaui 
pulchella) on leaves and pods of sann hemp (nat. size) ; 13a. moth (nat. size) 14. Lesser grain borer ( a </«/f{iniVa) ( ■ 10) 15. Rustred 

flour beetle {TriboHum castaneum) ( x9) 16. Aak grasshopper iPoeciloceruf Pii/m) ( x i) 17. Indian meal moth {Vlodia inter pumtella) ( [)); 17a. larva ( 3) 
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is siil)jca to light attacks by white ants like 
Microlcnncs obesi Ilolmg., the steni-horer, Scsfiniia 
iufcrvns (Wlk.), and the plant louse, Toxoptcra 
gnnmuinn Rond. ; the wheat aphid, Mucrosiphum 
avcuac Fahr., the gujhia weevil, Tmi^mecus vulktis 
Fsl., the army worm, Cirphis wiipuncta Haw., and 
termites are pests in North India. In the hilly areas 
of Kuin and Kangra (F. Punjab) the earhead bug. 
Eurxgastcr maura Linn., is a serious pest. Dusting 
witli BHC may control most of these jx'sts. S|)raying 
with l)ia/.inon or nicotine sulphate will control plant 
lice or aphids. 

Young millet crops are subject to the depreda- 
tions of the red hairy caterpillar, Aiusacia albis- 
triga Wlk. (Tam. Knmhlipuchi : 'I'v.i.. (Utugalv 
purttgu), in South India and Deccan and of A. nioorci 
Butl. in North India. These are whitish moths with a 
few l)lack spots on the wings, which emerge in large 
numbers with the fall of the first monsoon rain in 
June. I'he pest can he controlled either hy hand pick- 
ing of the moths or trapping them hy light : marching 
bands of young caterpillars may be controlled bv 
spraying or dusting with BHC'. 'Phe stetn-horing 
maggots of Athcrigoiia spp, attack young plants of 
various tiiillets. In the case of jowar (Sorghinn vtilgarc 
Pers.), A. indit'd Mall, hores into the stem of the 
young plant and causes the shoot to wither and drv 
up. 'The spiked millet or bajra (Ecnniscinnt /yphnidrs 
Stapf Huhhard) is affected hy A. approxiwdta 
Mall. ; the Italian millet (Svtdrid itdlicd Beauv.) hv 
.1. diripdlpis Mall. : ragi (Klcnsinc comcdUd (iaertn.) 
hy A. willidcfdf Mall, : the small tnillet (Pdnktini 
niilidcrntn Linn.) hv A. drsinicior Mall. ; and Pdspd- 
hnn scrnhiculdttnn Linti. by A. hitnhrniddiiufi Mall. 
Usually they are not serious |)ests, though datnages up 
to ^o .'uid even 50'',, have sometimes been reported. 

At the tillering stage, various grasshop|)ers have 
l)een known to attack millets : for instance, the 
Deccan grassho|)per. Cok niduid sphciidrioidrs Bol. 
( rKL , — Middthd ; Kan. — /////), is common in many 
parts of Deccan from Ahmednagar in the north, to 
Shimoga, Chitaldrug, Bellary and Kurnool in the 
>^01011 : the phadka gra.sshopper, Hkrogly pints nigro- 
K’p/rtns Bol., infests jowar, maize and other cereal 
crops in Ajmer, southern Punjab, U.P. and M.P. in 
the north and some districts of Andhra Pradesh in the 
'^outh : the adults and their nymphs feed on leaves 
and ultimately attack the earhead. Dusting with 
BHC has proved effective as a control measure. 

Crowing crops are subject to the attacks of plant lice 
and shoot btigs. Many tiiillets are affected hy RItopd- 


losipltnni (Aphis) nutidis r'itch, though usually the 
damage is not serious. Predatory insects, like lady- 
bird beetles, chrysopids and hoverlly maggots, keej) 
the pest in check, jowar and maize are subject to the 
attack of the. shoot bug, Dkrdiudropis (Petr grinds) 
nididis Ashm., which infests the inside of the lop- 
whorls of plants. Kggs are laid in midribs and the 
hugs feed on top leaves : the whorls become filled 
with honeydew and the leaves rot and dry up. 'Phe 
green earhead hug or lire insect. Cdloceris nngnstd- 
ttts Ix'th. (Tam. Ndvdiptn hi : "Pki.. -Aggiparngd), 
often attacks jowar in the earhead stage ; eggs arc 
laid inside the stem and the hugs, after hatching, 
suck the sap. Dusting with BHC has proved effective 
as a control measure. (Jail midges lay eggs iu lloreis 
and cause them to dry up. Jowar gallfly, ('(tnidritiid 
dtidntpognttis PVIl. attacks jow.ir and Hotiidd 
srtninis Felt is known to infest spiked millet (bajra) 
causing numerous blanks in the ^etting of grains. 
Dusting with BHC' is effective in controlling the pest. 

Maturing earheads are often subject to attack hy 
various caterpillars. Maize cobs are often ilamaged 
bv the gram caterpillar, llclinthis drniigcrd Hiibn. ; 
earheads of jowar, es|)ecially in the i ompac t-head 
varietv, are webhetl up as a result of infestation bv 
Siendchroid clotigclld llmpsn. and grains are partial 
Iv eaten up. Some of the stored gr.iin pests, e.g. rice 
weevil. Sitophi/ds ((ktidtidrd) (>r\:dc Linn., and An 
goumois grain moth. Siiolrogd ccrcdlclld OliN., fre- 
(pienlly attack developing ears and lay eggs on grains. 

Stems and roots are liable to att.ack hv siem-horing 
caterpillars. "Phe jowar stem borer, Chiltt zitnelld^ 
(Swinh.), is often a serious pest es|)eciallv on rain-fed 
crops. It is also a |)esl of bajra. ragi and sugarcane. 
I’he pink borer, Scsdniid injrrcns (Wlk.), attacks 
shoots of maize*, wheat, ragi and sug.ircane. 1’he wliite 
borer. Sdldtid inficiid (Wlk.), .ilt.icks ragi {Elcdsine 
cordcdtid (Jaertn.) in vSouth India. The kangni c rop of 
the Italian millet {Srtdrid itdlicd Be.iuv.) is sometimes 
danit'iged hy the grubs (»f an erotylid beetle. Andddstds 
pdrvdids Wied., which bores into the stem and ulti- 
matelv rings up the joint from inside, the tunnel 
causing the |)lani to drv up. "Phis species has so far 
been noted onlv in south Madras. In some suh- 
monlane areas of India, coc kchafer grubs are known 
to attack roots and cause large patches of the jowar 
crop to wilt and dry up. Some of the millets in South 
India arc subject tcj damage hy r(»ot aphids, chiefly 
Tetrdnvurd hirsiitd Bak. 'I’he pest is controlled hy 
irrigating the field with water containing crude oil 
emulsi<.)n, fish oil. soap or tar. 
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Pulse mid lA’^tniie Crops 

In the early stages of growth, the suinincr crops, 
such as red grain [Cajanus s|>p.), green gram (Plwseo- 
lus aureus Linn.) and cowpea (Lig//r/ spp.), which are 
usually sown at the commencement of the monsoon, 
are subject to depredations by the red hairy cater- 
pillars. Aiusacta spp., while winter crops, like gram 
{(Ucer spp.) and peas (Pisuin spp.) and lentils (f.eniis 
spp.), which are sown in autumn, are liable t(» cut- 
worm attack in North India. Young plants of cow- 
pea. beans and peas are attacked by the stem-ily. 
Melaiia^romyza p/iaseoli Co(|., which causes the 
plants to wilt and dry up. Peas are liable to damage 
by the leaf-mining maggot, Pli\toiuyza alrieornis 
Meign. 

'Phe foliage of legume crops is often denuded by 
various caterpillars ; green gram and beans are 
affected by large sphingids as well as by bairy cater- 
pillars like Diacrisia ohlifjua Wlk. : peas anti lentils 
are subject to attack by certain caterpillars, sucb as 
lucerne caterpillar (Laphygma exigua Iliibn.) and 
Pnaleiiia litura Fabr. The leaves of young gram 
j)Iants are eaten by caterpillars of Heliolhis aniiigera 
lliilm. which later bore into pods and cause whole- 
sale damage to the crop. Dusting with blK' or spray- 
ing with DlVr or Kudrin may be effective. 

During the flowering stage, red gram is subject to 
damage by a number of insect pests : flower buds are 
affected by the red gram bud weevil, Ceuthorrhyn- 
clius asperulus Ksi., and young pods are damaged by 
various caterpillars ; the tur |K)d maggot, Agroinyza 
ohtusa Meign., damages seeds. A weevil grub, 
Pac/iylye/iius niuiigouis Mshll., bores into develop- 
ing green gram seeds. Pods of field bean (Dolichos 
la h la I) I ann.) in Peninsular India are subject to 
attack by the caterpillar borer, Adisura atkinsoni 
Moore. 'Pho seeds of many leguminous crops are 
liable to attack by bruchid or |)ulse beetles during 
storage : individual species often restrict their atten- 
tion to particular species of pulses and the attack in 
many cases starts in the field before harvesting. Red 
gram is attacked by Hruehus theohroiiiae Linn, which 
lays eggs on the pods, but does not breed on stored 
grain ; on the (»ther hand. B. cinueusis Linn, infests 
pods in the field and also breeds under storage. I'icld 
bean is subject to attack by /}. phaseoli Gylj. which 
breeds also on stored seeds : Callosobruchus maeulatus 
Fabr. infests cowpeas. Peas are infested in the field 
by both Hruehus chinensis Linn, and H. affitiis Frol. : 
the latter does not breed under storage. These |x\sts 
in storage are controlled by fumigation with a 


mixture of ethylene dichloride and carbon tetra- 
chloride or with methyl bromide. Seeds for sowing 
can be preserved by treating them with DDT or 
line before storage. 

Oilseed Crops 

Most of the oilseed crops are attacked by the red 
hairy caterpillar when young. Til [Sesamum indieum 
Linn.) is subject to serious damage by the til leaf and 
pod caterpillar, Antigastra eatalauiialis Dup., which 
webs shoots and feeds on flowers and young 
capsules. The til sphinx caterpillar, Aeheroutia styx 
Westw., feeds on leaves. P'lowers may be turned into 
galls by a gall midge. Asphoiidylia sesawi Felt. 
Protection in the case of mild attacks is afforded by 
removing and destroying affected leaves, shoots, galls 
and buds. Spraying with insecticides is neither effec- 
tive nor economical in the case of the gall midge. 
1 leavy infestations of til and sphinx caterpillars may 
be economically controlled by dusting the crop with 
BMC or spraying with DDT. 

Groundnut {Aracliis hypogaea Linn.) is subject to 
damage by several pests. A leaf-mining caterpillar. 
Sioviopleryx nerteria Meyr. (Tam. Surul puelii), 
often causes serious damage. The red hairy cater- 
pillar, Aiusacta alhistriga Wlk., is in many places a 
menace to young crop. The root-borer, Spheuoplera 
perrotetli Guen. Verpuchi), infests the root 

and plants in full bearing causing them to wilt and 
dry up. Light traps have proved useful in the early 
stages to attract the moths ; beetles affecting roots 
may be band picked and destroyed. 

Castor [Ricinus cuuruunis Linn.) is subject to 
attack by numerous pests, mainly caterpillars, includ- 
ing hairy species (Aiusacta spp., Pcricallia ricini 
h'abr., Pat prod is jraterna Moore), nett leg rub (Parasa 
Icpida Cram.), castor butterfly (Krgolis luerioue 
Cram.) aiui tobacco worm (Prodeuia litura Fabr.). 
The chief enemy of castor crop is, however, the castor 
semi-looper, Achaea jauata Linn., which may entire- 
ly defoliate whole areas within a few days. Severe 
damage is also caused by the capsule borer, Diclwc- 
rods puiictiferalis (iuen., which webs capsules and 
devours tender seeds. Leaves are attacked by the leaf 
hopj)er, Einpoasca jlavesceus Fabr., and the castor 
whitefly, Trialcurodes ricini Mask. Collection of 
egg masses and larvae and their destruction along 
with leaves on which the caterpillars feed gregarious- 
ly are effective as control measures in small areas, 
and dusting or spraying with DDT or BMC in larger 
areas. 
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Both safflower {Llarthamus tuiciorius Linn.) and 
iiigcrseed {Guizotui ab\ssiniai Cass.) are liable to 
damage by ihe caterpillars of Perigea capciisis Giier. 
SafHower is subject to infestation also by the plain 
louse, Mdcrosiphum jaccac (Linn.), and the tingid 
bug, Momnithut frlobulifcra Wlk. Flowerbeads arc 
often bored into by the fly maggot, Aattilhiophilus 
hclifUitlii Rossi, in Delhi, Uuar Pradesh and parts of 
I he Punjab. Spraying with DDT against caterpillar 
pests and with Dia/inon against plant lice and the 
tingid bug may prove effective. 

Linseed is damaged in the younger stage by the 
caterpillars of Crammodcs and Laphygma spp. In 
North India, the linseed gall-midge, Dns\}wura lini 
Barnes, appears in the cold months and is res|K)nsiblc 
for 20 40V0 damage to the flowers of the plant. 

Mustard (Rnissiat spp.) in the early stages of its 
growth is (lamagetl hy the gruhs of the mustard saw- 
fly, Atbalid proximti King., and in the flowering stage 
by the mustard aphis, IJpdpliis crysinii Davis. The 
population of the latter at rimes multiplies .so enor- 
mously as to cause the total failure of mustard crop. 
Diazinon is efleciive against mustard aphis and dust- 
ing with BlIC controls the sawfly. 

Fibre (Uops 

Cotton plant in the seedling stage is liable to 
severe damage by the crickets, Gryllus dfmtrsliats 
Linn, and (hyllus viator Kirb., wee\ ils. such as Atacto- 
gaslcr fiuitiviiis l"st., and the red hairy caterpillar, 
Avisacta spp. Growing plants are often attacked by 
various s[>ecies of Auisacta, Fuproctis, Laphygoia 
and l^rodenia, the cotton leaf roller, Sylrpta dvrogaia 
P'abr., and semi-Ioopers, such as Atioinis spp., A rout la 
sp. and Tarachc iiitidida Fahr. IVnder shoots mav 
be bored into by the bud caterpillar, Phycita infu- 
sr/la Meyr., and the sported boll worms, Farias fabia 
Stoll, and F, iusulana Boisd. 'Hie plant is attacked 
by various sucking insects, such as the cotton aphis. 
Aphis gassy pii Glow, the cotton jassid, Fmpoasca 
devasians Dist., the cotton whitcfly, Bemesia tabaci 
(ireenn. & Bak., and the mealy bug, Ferrisiana virgala 
(Ckll.). 'File most .serious pests of cotton are the pink 
bollworin, Platycdra gossypicUa Saund., and the 
spotted boll worm {Plarias spp.). 'I'he bolls are also 
liable to attack by the red cotton bug, Dysdcrcus 
cingula t us Fabr., and the dusky cotton bug, 
Oxyvarenus laetus Kirb. Cotton plants wilt and dry 
up by the attack of the stem borer, Sphvnoplcra gos- 
^ypii Kirb. Galls may also be formed in the stem tliie 
lo the attack of the stem weevil, Pnnplicrcs afjinis 


Fst., causing either death or breakage at the place of 
attack. In some cases, the shoots may be galled by 
the shoot weevil, Alcidcs niysiicus Faust. Spraying or 
dusting with BlIC or DDT helps to keep down many 
of the.se pests. 

In the case of tlie jute crop {Cttrchorus spp.), the 
lengtli of the fibre is the main criterion of a good crop, 
and any pest stunting plant growth or hreaking the 
libre is considered serious. In the early stages, the jute 
plant is subject to attack by swarming caterpillars, like 
Laphygma cxigua Hiibn. and Diacrisia (tbUijua Wlk., 
and the jute semi-looper. Anot}iis sabulifera (Juen., 
which keep down the growth of the crop. The leaf- 
mining beetle. Tracliys pacifica Kerr, and the yellow 
mite, Hcniitarsournius larlus Banks, tend to weaken 
the plant. Another .serious pest is the jute weevil, 
Apion corchori Mshll., which lays eggs in the top- 
shoot of young plants, in which ca.se side shoots are 
produced, or in the axils of leaves of grown up plants, 
when the fibres are cut up by grubs. The cricket, 
Brachytrypes portrntosus lacht.. is, at times, a .serious 
pest of jute crop. Spraying or dusting with DIXL or 
BlIC hel|>s to keep down several <>f these pests. Lime- 
sulphur spraying controls mites. 

In the early stages, sann hemp is damaged by the 
flea beetle. Longiiarsus brlgaufucnsis Jacoby, and 
grasshoppers. 'Hie growing crop is liable to attack by 
caterpillars of sann bemp motbs, lUctheisa pulchrlla 
Linn., Argina cribraria C.lerck and A. syringa Cram. : 
top shoots are bored into by the gall-|>roducing moth, 
Plnartnonia pseudonretis Meyr. At times, the whole 
crop is ruined by the infestation of the ca|>sid bug. 
Ragfuus ituporiunitas Dist. Deccan liemp {Hibiscus 
canuabinus Linn.) is damaged by caterpillars in the 
young stage and by shoot-boring weevils. AUidodes 
Icopardiis Oliv. aiul /I. affaber k’st., l.iter. Collection 
of moths by hand jiicking and netting is helpful in 
checking the pests. Light traps and sticky boards are 
also used for trapping. S|)raying or tl listing with 
DD'F may prove beneficial in serious infestations. 

Central sboots of the agave plant {Agave ameri- 
cana Linn.) are subject to attack, at the base, by the 
rbinoceros beetle, Oryctes rhinoceros Linn. 

Cash and Phnitalion i'rops 

'Hie ibief insect jiests of sugarcane are the termites, 
moth horers, leaf-hoppers, mealy bugs and mealy 
wings *, of these, the borers and leaf hoppers cause 
serious damage. 

Sugarcane setts are liable to attack by white ants, 
chiefly Odontotennes {('ycloternies) obesus Ramb., 
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after planting. Dusting o£ canc furrows with Aldrin 
or BllC before planting of setts provides control. 

'riic moth borers, /I rgyria sticticraspis Hmpsn. and 
Diutwca vcnosata WJk., are typical stem borers ; the 
top slu)ot or white borer, Scirpopliaga uivcila Fabr., 
bores into the lop shoot. In the Punjab, the Punjab 
borer, Hissetia stcniclla (Ilmpsn.), apjK*ars late in the 
season, but often ruins the cane. 'Pbe rootstock borer, 
Emmaloccra dcprcssclla (Swinb.). attacks tillers and 
rootstock, and soineiinies causes great damage. The 
crop can be protected by planting borer-free setts and 
removing any attacked plants and destroying egg 
masses. Farthing up of young crop followed by irri- 
gation helps to reduce the damage. Biological control 
with the help of the egg parasite, Tnchogramum 
minutum Riley, was tried in some parts of India but 
without much success. 

Sugarcane is subject to the attack of .several sap- 
sucking bugs, which- in aggregate cause a fair amount 
of damage. 'Phe sugarcane leaf-hopper, Pyrilla perpth 
silla WIk., often multiplies in large numbers and 
causes stunting and yellowing of crops. The canc 
whilelly, Alctirolubus barodcusis Mask., attacks the 
lower surface of leaves and is often a serious pest. 
Various species of mealy bugs also attack sugarcane, 
the most common being SacclKtricoccus sacclutri Ckll. 
w'hich attacks the joints under the cover of leaf 
sheaths, hi parts of the Punjab, the black bug, 
Macropcs cxaivatits Dist., causes serious damage to 
sugarcane. 

In certain parts of India, sugarcane is liable to 
heavy damage by the rice and kharif grasshoppers, 
Hicroghphus baiiui}i Kahr. and //. nigrorrpirtus 
(luring July October. 'Phe.se pests can be checked by 
dusting the crop with BHCl. 

'Tobacco [Nicotiana iabaann Linn.) and cjiher 
naiTotics are also attacked by insects. Jn the 
nursery stage as well as in the early stages of 
growth of tobacco in the lield, tlie tobacco cater- 
jiillar, Prodenia litura Fabr., often apjK-ars in 
destructive numbers ; the cutw^irm, Agrotis ypsihm 
Rott., as well as crickets and grasshoppers attack the 
crop in North India. As the cpiality and market value 
depend on the llawlessness of tobacco leaves, freedom 
from pests is a matter of utmost concern to the 
grower. Infestations of the aphid, Myzus persiaw 
(Sulz.), cotton whitefly, Bnticsui tubaci (ireenn. & 
Bak., and tobacco bug, Engytatus tenuis Riitt., cause 
leaf-curl. The gram caterpillar, Heliothis armigera 
Mubn., attacks the capsules of seed plants. This |)est 
also attac^ks the heads of opium poppy and the top 


shoots and inflorescence of cultivated ganja {Cannabis 
saliva Linn.). The most serious pest of ganja is, 
however, the mite, Tetranychus telarius (Linn.). The 
poppy seedlings in early stages are at times destroyed 
by the gujhia weevil, Tanytneens indictis Fst., in 
North India. In most cases the caterpillar and weevil 
pests are controlled by dusting with BIIC or DDT and 
aphid and mite pests by Diazinon and lime-sulphur 
sprays respectively. 

Pepper {Piper nigrum Linn.), which is grown as a 
perennial plantation crop in the moist west coast of 
Peninsular India, is subject to infestation by scales 
and mealy bugs. The most .serious pest is, however, 
the pepper flea beetle or pollu beetle, Longitarsus 
nigripennis Motsch., which lays eggs in berries ; the 
grubs after hatching hollow out the berries. Full- 
grown grubs drop to the ground aiul pupate in the 
.soil. As a precautionary measure, the .soil should be 
hoed around the vines to destroy the pupae oi the 
beetle. Mu.scle scale of pepper, Mytilaspis piperis Cir.. 
and the pcp[K'r mealy bug. Pseudococcus virgatus 
Ckll., which are .serious pests in South India, are 
controlled by spraying with lish oil rosin .soap and 
Mala thion respect ively. 

Betel vine {Piper belle Linn.) is .sometimes atlecied 
by the mealy bug, Ferrisiana virgata (Ckll.), but the 
major pest of betel is the moscpiito bug, Displiinctus 
politus Wlk. ; D. maesarum Kirk, is more common 
in the Bombay area. The adult hug punctures tender 
leaves and lays eggs on the vine ; the liny bugs tluu 
hatcli out similarly puncture young leaves. Netting 
and trapping of adults and iiy midis with sticky 
winnows and cones, inul spraying w'ith repellent 
mixtures are recommended as contrtd measures. 
Dusting with pyrethrum powder also controls the 
bug. 

The chief jiest of indigo {hidigofera arrecta 1 lochst.) 
is indigo psylla, Arylaina puncliponnis Crawf., which 
attacks top shoots and causes stunting of the crop. 

Turmeric {Cureuma longa Linn.), arrowroot {C. 
anguslifolia Roxb.) and ginger {Zingiber officuiale 
Rose.) are subject to attacks by leaf caterpillars, thrips, 
Panchaeiolhrips indicus Bagn., and a tingid bug, 
Slephanilis lypicus Dist. The caterpillar of Dicliocrosis 
punctiferalis (kien. bores into the shoots of turmeric 
and ginger and destroys the crops. The caterpillar of 
turmeric skipper, Udaspes joins Cram., is also a serious 
pest of these cro})s. Cumin and coriander arc subject 
to attack by a caterpillar, Laphygma exigua Hiibn.. 
and two sucking insects, viz. a flower-head bug and 
an apbid. 
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Cardamom (FAettana cnrdamomum Maton) is 
subject to attack by several pests. The caterpillars of 
Fjiipterote canaraica Moore appear in enormous 
numbers in some years on trees in the forest areas in 
which cardamom is cultivated ; after defoliating the 
trees, the caterpillars descend by silk threads on to 
the lower vegetation, including the cardamom crop, 
which may be severely attacked. Tacniothrips carda- 
monii Ayyar, the cardamom thrips, is a serious pest 
of cardamom ; it punctures flowers and tender fruits 
and thereby ruins the crop. A root weevil, Frodioctes 
haemalicus Chevr., attacks the rhizomes and pseudo- 
stems by boring into them, and is considered to be 
responsible for tlie increase of the clump-rot disease 
in Kerala. 

A psyllid bug, Puttmsvlla depressa Caawf., has been 
recorded in different parts of the wesiern ghats on 
(Uiinamo7nuw zr^lunicum Breyn. Nymphs and adults 
of the pest cause galls on leaves and shoots of the 
|)lant. 

A few species of the soft scale, Lvaittium spp., have 
been noted in certain hilly areas on trees of camphor, 
nutmeg and cloves. 

'rhe pods of cacao [Tlicfthroma cacao Linn.) are in- 
fested by a mealy bug, Psaidococcus cilri Risso. Cacao 
thrips, Srlrnothrips ruhrocutetas Giard, is a serious 
pest in plantations. 

The foliage of coffee is subject to the attacks of 
various caterpillars, beetles and sap-sucking insects, 
but the most serious pest is the green bug. Coccus 
viridis Gr., which was one of the causes of the dis- 
appearance of coffee as a main crop from Ceylon. The 
stem borer of coffee, Xylotrcclius quad ri pcs Chevr., 
is a serious pest of coffee in South India. The shot-hole 
borer, Xvlchortts morstaiti llaged., is sometimes a 
serious pest. 

Tea crops are .seriously affected by the tea mo.s(|iiito, 
Hclopeltis iheivora Waterh., in North India and by 
H, antouii Sign, in South India : the pests attack 
lender flushes. '‘Fhe adidts as well as young bugs punc- 
ture the shoots and cause them to wilt. The red spider 
or tea red mite, Tetrauyehus hhculatus W.M., also 
attacks new flushes of leaves. The termite, Copto- 
tcnnvs sp., establishes nests in the heartwood of live 
bushes. The plant is also subject to attacks by scale 
insects, leaf-hoppers, plant-lice, thrips and mites. 
The foliage may be devoured by several species of 
caterpillars, e.g. the red .slug, Heterusia citigala 
Moore, the looper, Buzura sp., nettle or gelatine 
grubs, Thosea, Parasa and Belippa spp., bagworms, 
the sandwich caterpillar, Synchalara sp., the crab 


caterpillar, Staurepus sp., and the bunch cater- 
pillar, Andraca sp. Among the pests attacking stems 
and twigs, the shot-hole borer, Xylchorus fornicatus 
Kich., is a serious pest in Ceylon and in some parts 
f)f South India. 

Cinchona ledgeriaua Moens is lialile to defoliation 
by the cockchafer beetles, Iloloirichia repetita Slip, 
and Rhizotrogus rufus Arrow, at the commencement 
of the rains. Tender shoots are often damaged bv 
the tea mostjuitoes, Hclopeltis spp. and Dispiiinctiis 
hunicralis Wlk. Destruction of undergrountl grubs 
and irrigation of seed beds with crude oil emulsion 
mixed with water check the pests. 

The bark of the rubber tree {llcvca hrasilicnsis 
Muell.-Arg.) is sometimes attacked !)y hark eating 
caterpillars, Cowocritis spp. and Acthcrastis spp., in 
Ceylon and Kerala. Stems may be bored into by grubs 
of Batoccra ruhiis Linn, and trees are sometimes 
attacked by the termite. Glyptotennes dilatatus 
Ilavil.. w^hich builds nests in the heartwood. CVrtain 
scale insects, e.g. Aspidiotus cyanophylli Sign., 
Saissetia (Lccaniuni) nigra Nietn., are tiften found on 
twigs and foliage. 

Vegeta hie Cro ps 

The insect pests of brinjal (Solanuni melongena 
Linn.) are chiefly borers, leaf eaters and, occasionally, 
a few sucking forms. The leaf eating ladybird beetle. 
Epilachna zS-punctata Fabr., is often destructive ; it 
attacks the crop both in the grub and adult stages. 
The beetle also attacks other vegetable crops, such as 
potato, tomato and various cucurbits. Certain species 
of lacewing bugs, e.g. Urentius echinus Dist.. breed 
in numliers on young crops of brinjals : older plants 
are often infested with colonies of a mealy bug. 
Phcfiacoccus itisolitus Gr. The jassid, Empoasca 
devastans Dist., infests the foliage. The pink cater- 
pillar, Leucinodes orhonalis Guen., bores first 
into top shoots and later into fruits and lowers 
the market value of crops, 'fhe borer Euzophera 
pcrticella Rag. bores the stem. Destruction of 
attacked shoots, fruits and buds, and adoption of 
cultural methods which stimulate vigorous growth 
arc recommended for checking the |K‘sts. Attacked 
plants arc dusted or sprayed with DDT or BHC for 
the control of the ladybird beetle and some of the 
sucking insects. 

Among the pests of tomato (Lycopersicon escti- 
Icntum Mill.) mention .should \ic made of Epilachna 
spp. and the gram caterpillar, Heliothis armigera 
Hiibn., which eats into fruits in the unripe stage. 
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Hand picking and application of stomach insecti- 
cides provide eficctive control. 

A wide range of cultivated vegetable cro[>s, such 
as cucumber, pumpkin and bitter gourd, belonging 
to the family Cucurbitaciw are suliject to attack in 
the early stages of growth by the red pumpkin beetle, 
Aulncopliom lovcicollis Lucas. Not only are leaves 
eaten up. but roots are damaged by grubs of the 
beetle. Moral parts of some of these crops are des- 
troyed by the banded blister beetle, i\l\Iahris ptislu- 
Idta Thunb. Fruits are damaged by maggots of the 
fruitflies, Dacus cucurhitnc (Cocp), /). ciliatua Loew. 
and D. caudatus Fahr. Leaves of creepers are often 
damaged by caterpillars of the snakegourd semi- 
looix^r, Plusid (yeponis Fabr. Various 

kinds of bugs (Asponfrapus sp|).) and plant lice (Aphis 
spp.) desap the leaves. Shoots of hitter gourd are 
sul)ject to attack by the gallfly, iMsioptcra falcata 
I'elt, which causes galls to develo|> at distal shoots, 
'rhe beetles of Kpihnlnid spp. attack most curciirbits 
with the exception of bottle gourd, iM^cnaria siccraria 
Standi., which is affected by the |>lume moth. Spht tiar- 
ches cdffcr Zell. Dusting with HI 1C or 1)1X1’ controls 
several of these pests. Fruitflies are controlled by 
destroying damaged fruits atid trap[)itig flies bv 
poisoned syrups. 

Lady’s finger (Hibiscus csculcfittts Linn. : Hindi — 
Rhindi) is subject to attack by many of the cotton 
pests, c.g, spotted boll worm, Earias spp., red cotton 
bug, Dysdcrcus cin^ubitus Fabr., shoot weevil, 
Alcidodrs offaber Fst., and cotton jassid, Empoascu 
devastuns Dist. k^loral parts are damaged by banded 
blister beetles, Myhibris pludcratu Pall and iV/. pustu- 
Uita Thunb. Spraying with DDT controls the cater- 
pillar and bug pests while hand netting may help in 
the control of banded beetles. 

I’he drumstick tree (Moriii^a olcifcnt Lam.) is 
often infested by gregarious bands of the woolly cater- 
pillar, Euptcrotr mollifcra Wlk. : leaves and flower 
buds are liable to attack by caterpillars of Noorda 
blitc(dis Wlk. The woolly caterpillar may he destroyed 
by applying a lighted torch to the trunks. 

I’he common pests .of cabbage, cauliflower, turnips, 
radish and a few other members of the Cruciferac, 
which grow in temperate regions, are the sawfly, leaf 
eating and leaf boring caterpillars, cutworms and 
plant hugs, including plant lice and stink bugs. Insect 
pests of garden crops, like cabbage anil radish, are 
more or less identical with those of field-gfown cruci- 
ferous crops, such a« mustard, sarson and rapeseed. 
The ix'sts attacking the foliage are the mustard sawfly. 


Athalid proxinia King., the larvae of which resemble 
caterpillars ; the diamond-back inotb, Fhttclla maculi- 
pennis Curt. : the cabbage webworm, Hellula utidalis 
Fabr., and the cabbage butterfly, Picris brassicae 
Linn., which is confined to the submontane areas of 
North India. Among the sap sucking insects, the cab- 
bage or the painted bug, Rufrradu cruciferanttn Kirk., 
is often a serious pest and the mustard aphis, fjpuphis 
crysimi Davis, is sometimes destructive. The small 
flea beetle, Phyllotrcta crucifcrac Goe/., and ihe onion 
thrips. Til rips tubaci Lind., sometimes infest young 
cabbage, cauliflower and radish |)lants. C'aterpillar 
])ests are hand picked and destroyed. Spraying or 
ilusting with DD 1’ or BHC destroys most of the [K*sts. 

Capsicum or chillies are subject to the leaf-curl 
disease, caused by the infestation of ihe thrips, Scirto- 
ill rips dorsalis Hood. As a remedial measure, nursery 
seedlings arc dusted with tobacco |)owder before tratis- 
plantation in the field. Spraying or dusting with RHC^ 
will also control thetn. 

Among leafy vegetables, Amuranthus spp. are liable 
to attack by the stem boring weevil. Hypolixus trunca- 
ttilus (Boh.), which produces gall-like thickenings. 
Ijnnproseuia (Nucolcia) sp. also ;it tacks platirs iti 
early stages. The top shoots of affected platits may he 
clipped and weevils hand picked and destroyed ; wild 
amaranthus plants growing nearby should he remo\- 
ed atid destroyed since they serve as hosts for weevils 
during the off season. 

Among the pests of sweet potato (Ipomoca balutas 
Lam.), mention should be made of the caterpillars of 
sphinx moth, Herse convolvuli Linn., tortoise beetle, 
Aspidomorplia miliuris Fabr., and Metriona circum- 
data Hhsr. By far the most troublesome pest is the 
sweet potato weevil, Cylas jormicurius Fabr., which 
infests tubers in the field and lays eggs in them : the 
eggs develop in the tubers during storage. Deep plant- 
ing of vines is recommended as a measure of checking 
infestation. Storage goddwns must be fumigated from 
time to time. 

Potato (Solanum tuberosum Linn.) is subject to in- 
festation by a numl^r of pests. Young plants are liable 
to attack by the cutworms. Afrrotis spp. and Euxoa 
spp. : the growing crop is affected by epilachnn 
beetles and the cotton jassid. The most serious pest is, 
however, the potato moth, Gnorimoschema oper- 
culella Zell., which is a leaf miner but causes most 
damage to tubers under storage. Infested potatoes 
should l)e destroyed. Sand storage of potatoes keeps off 
the pest : infestation during transportation should be 
guarded against. 
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Onions and garlic arc liable to damage in the field 
by the infestation of onion thrips, Thrifts tuhaci Lind. 
Banded groundnut thrips, Hcliothrips indivus Bagn., 
infests onions occasionally, lacerates the foliage and 
sucks the sap. As a control measure, plants may be 
dusted with tobacco powder or sprayed with a decoc- 
tion of tobacco. Periodical irrigation and harrowing 
of the field are effective in warding off the pest. Spray- 
ing or dusting with BIIC is also effective. 

'^rhe foliage of elephant (Aniorphoplmllns 

spp.) is often attacked, though not seriously, by a 
red-and-hlack spotted beetle, Calerucida bicolor 1 lope. 
Stored tubers are often infested by the scale insect, 
Aspidiotiis hart it Ckll. 'Papioca plants (Manihoi cscu- 
Icuta Crant/) are sometimes attacked by the scale 
insect, Aonidomylilus alhus Ckll., in South India. 

Very few insects infest Colocasia. The white-spotted 
flea beetle, Monolcpta si^nata Oliv., eats the leaves. 
Dusting with arsenate powders is rectMumeiided as a 
control measure. 

Koorkan {Coleus parviflorus Benth.), commonly 
grown as a tuber crop in the west coast, is subject to 
attack by two leaf eating pyralid caterpillars, P\cnar- 
mon crihrata l"ahr. and Phostria piasnsalis WIk. The 
fortner is checked by a hraconid parasite, Microfrastcr 
psarac WIksn. Bean cro|>s are subject to attack by 
the bean aphis, Aphis craccivora Koch. Spraying with 
tiicotine sulphate or pyrethriun controls it. 

Fodder and Green Manure Plants 

Fodder plants include grasses and other plants, wild 
or cultivated, for feeding cattle and other livestock. 

Pasture grounds are in some years subject to visi- 
tations of armyworms, such as Cirphis nnipuncta 
Haw. and C. albisti^nui Moore, and the swarming 
caterpillar, Spodoptera tnauritia Boisd., which appear 
in enormous hands and wipe out grasses over large 
patches. Tlie moths emerging from infested areas 
usually appear to migrate to distant areas for 
breeding. 

Cultivated fodder grasses are liable to the attacks 
of caterpillars, but as the grasses are cut periodically 
for transport to markets, there is not much danger 
of their tleveloping into pests. Plots of lucerne (A/<y/i- 
(Vigo saliva Linn.) and various clovers are often 
subject to invasion by bands of the lucerne cater- 
pillar. Laphygma exigna Hiibn., and at times of the 
caierj)illars of Prodetiia litura Fabr. Lucerne is 
also liable to attack by tbe leaf weevil, Hypera sp., 
the greenish grubs of which feed like caterpillars. 
Various plant lice also attack lucerne, mainly Aphis 


craccivora Koch. The roots of lucerne are often bored 
into by Sphenoptera perrotetti Guen.. which also 
attacks groundnut stems. 

In the seedling stage, Sesbania spp. are subject to 
serious damage by swarming caterpillars, sucli as 
Prodenia sp|). The shoots of S. grandiflora Pers. are 
often bored into by the shoot weevil, Alcidodes bubo 
Fahr. Stems are liable to attack by the borer cater- 
pillar. Az\gophleps scalaris I'ahr. (been pods of all 
species of Sesbania are infested by the seed chalcid, 
Bruchophagus niellipes Gahan. and it is often ditli- 
ciilt to gather suHicient seed for the next crop. 

Dadap (Frythrina spp.) is grown for sh.ide atid 
green manure or as standard for pepper, betel or 
grape vines. Young shoots are getierally bored int(» 
anti killed by the shoot caterpillar, Terastia nieli- 
culosalis (iuen., which also bores into pods. A large 
sized shoot bug. C'yclopelta siccifolia Westw., often 
settles on branches in large masses and causes wilting. 
The twig girdler beetle sometimes causes l.irge scale 
girdling of branches. 

In paddy-growing areas, the leaves of wilt! aak 
plants {Calotropis spp.) are largely used for green 
manuring purposes. The leaves of this plant are eaten 
up by the larvae of a butterfly, Danals chrysippus 
Linn. 'Phe aak grasshopper, Poecilocerus pictus Fahr., 
is specific to Calotropis spp. and often defoliates the 
plant. The fruits are oviposited into by a weevil. 
Paramecops farinosa Wied., the grubs of which 
f)urrow into the floss. Similar damage is done by the 
fruitfly, Dacus longisty/us Wied., whose maggots 
bore into the fruits. 

Garden and Shade Plants 

Roses (Rosa spp.) Roses are often defoliated in 
spring by cockchafer beetles. They are also subject 
to attack by caterpillar pests, such as Achaea janata 
Linn., Slauropus alternus WIk. and Parasa lepida C. : 
and scale insects, chiefly Aspidiotus aurantii Mask, 
syn. Aonidiella aurantii Berl. In the suh-l limalayan 
areas, the foliage is liable to be damaged by the 
sawtty grub, Arge sp. 

Jasmine (Jastninunt spp.)— Besides attacks by 
various scale insects, mealy hugs and a tingid hug. 
Leptopharsa ayyari Drake, jasmine is liable to in- 
festation by the jasmine hug, /l///c.v//V/ cruciata Fahr.. 
which causes flower buds to wilt and drop off. The 
pest can be controlled by dusting tbe jdant with 
BIIC. 

IjfUus {Nelumbo nucifera Gaertn.) and water lilies 
(Nyniphaea spp.) — The leaves are sometimes eaten 
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up hy caterpillars of Simyra cotispersa Moore and 
Prodcniii litura Fabr. : leaves and flower buds are 
liable to infestation by the plant louse. Rliopalo- 
siphum nymphacae Linn., and thrips. 

Oleander {Nerium oleander Linn.) — ^^I'he bushes are 
sometimes defoliated by the caterpillars of the hawk 
moth, Dcilcphila nerii Linn., and a butterfly, Euploea 
core Cram. They are also liable to infestation by the 
scale insect, Parlatoria olcae Colv. 

Ciarden crotons {Codiacimi spp.) are liable to serious 
infestation of the mealy bugs, I eery a acfrypiiaca 
Dougl. and Ferrisiana virgata (Ckll.), and the hot- 
house thrips, Heliothrips haejnorrhoidalis Roucbc. 
I be stem girdler, Sthenias grisator Fabr., damages 
the branches. The tulsi plant (Ocitntttti sanetuni 
Linn.) is affected by a small dark lacewing bug. 
Monantliia globulifera Wlk. Artemesia plants are 
subject to the attack of the tingid bug, Lepiopharsa 
ayyari Drake. Pruning and spraying with decoction 
of tobacco afford protection. 

Rakul (Mininsops elengi Linn.) is often infested in 
South India by the black thrips, Arrhenothrips rania- 
krishnae Hood, which transforms attacked leaves into 
tubidar galls. 

Chrysanthemum {Clirysantlienium spp.) — ^The 
leaves of chrysanthemum are often damaged by the 
leaf folder, iMinprosema indicata Fabr., and by cater- 
pillars of Diacrisia spp. and Prodenut litura Fabr. The 
leaf miner, Phytomyza atricornu Meign., sometimes 
causes damage to foliage. Sap-sucking insects, such as 
the tingid bug, Oalcatus retiarius Dist., and the aphid, 
Macrosiphoniella sanhorni Gill., also cause damage. 
Maggots of the fly, Trypanaea amoena Frgld., burrow 
into the flower-heads of chrysanthemums and damage 
flowers in North India. 

Ralsams (impatiens s|>p.) — ^The large caterpillars of 
the hawkmoth, Theretra nldenlandiae Fabr., defoliate 
the plants, while the weevil. Motialma halsaniinae 
Motsch., causes galls on stems and branches. 

Rulbs (Lilintn spp., Crocus spp., Crinuni spp.) - The 
velvety Idack caterpillars of two moths, Polytela 
gloriosae Fabr. and Britliys crini Fabr., often cause 
serious damage to garden lilies. 

Hibiscus spp., hollyhock {Althaea rosea Cav.) and 
sunflower (Ueliantlius spp.) arc often attacked by 
spotted boll worms, leaf roller cateri)illars. red and 
dusky bugs, blister beetles and scales, most of which 
arc found on cotton. The gram caterpillar. Heliotliis 
armigera Hiibn., occasionally feeds on leaves and 
flower-heads. 

Parijath [Nyctanthes arbordristis Linn.) is infested 


by a lasiocampid caterpillar, Metanastria hyrtaca 
Cram., and a microlepidopterous bud caterpillar, 
which are known to attack shoots, foliage and flower 
buds. 

The foliage of young trees of champaka {Michelia 
champaca I jnn.) grown in the rain-fed areas of the 
west coast, particularly Malabar, is subject to attack 
by the caterpillars of the swallow-tailed butterfly, 
Papilio agamemnon Linn. The caterpillars appear in 
large numbers during the rainy season and defoliate 
the branches. 

Jatropha spp. are subject to infestation by mealy 
bugs, especially Pseudococcus virgatus Ckll., and 
scales, such as Hemilecanium imbricans Gr. 

Ixora spp. arc knowai to be affected by a scale 
insect, Aspidiotus trilobitiformis Gr. 

Several species of Iponiea and Hougaitivillea arc 
free from serious insect pests. The stem girdler beetle. 
Sthenias grisator Fabr.. datnages vines during certain 
seasons. 

Ornamental plants like cycads and ferns, grown in 
ferneries and glass houses, arc infested by scale 
insects, chiefly Chionaspis dilatata Gr. 

Millingtonia horlensis Linn. f. is subject to attack 
by the teak defoliator, Hyblaea puera Cram. 

Infestation by caterpillars like FAigma narcissus 
Cram, and Atteva spp. causes defoliation of large 
trees of Ailanthus excelsa Roxb. 'Fbe tree is some 
times heavily affected by the scale insect, llemileca- 
nium imbricans Gr. 

The foliage of neem {Azadirachta indica A. Juss.) 
is damaged by a nettle grub, Thosea sp. ; the tea 
mos(|iiiio, Hclopeltis aniojiii Sign., punctures young 
flush and causes twigs to dry up. In parts of South 
India, the neem tree is infested by dense colonies of 
the neem mealy scale, Pulvinaria maxima Gr.. which 
causes premature leaf drop. 

The shoot borer, Tonica niviferana Wlk., is a seri- 
ous pest of the silk cotton tree (Salmalia malabaricu 
Schott & Kndl.). The pod borer, Mudaria cornifrotis 
Moore, feeds on tender seeds and damages the lint. 

Bcefwood tree (Casuarina equisetifolui Linn.) |)lan- 
tations are sometimes attacked by colonies of mealy 
bugs, such as Icerya aegyptiaca Dougl., 7 . formicarium 
Newst. and Pericerya {Icerya) purchasi (Mask.), and 
also Labioproctus spp. Stems are liable to attack by 
the grubs of the beetle, Coclosterna scabrator Fabr.. 
which also rings and mills the twigs. 

Siris {Albizzia lebbek Renth.) shoots arc liable to 
infestation by a psyllid bug, Arytama sp., which 
causes twisting and bunching of shoots ; the ceramby* 
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cid borer, Xystrocera globosa Ollv., is a serious pest 
of this tree. 

Babul {Acacia arabica Willcl.) is often infested by 
the faggot worm, Clania cramcrii Westw., and the 
scale insect, Anomalococcus indicus Gr., in South 
India. The grubs of Coclostcrna spinator Kabr. bore 
into the stems and adults often strip tlte hark oil 
young twigs. 

Bamboo culms arc attacked by maggots of Chvlyo- 
pliora spp. and by the culm weevil, Cyrtotnicludns 
dux Boh., the grubs of which bore through shoots and 
destroy growing points. The culms are also subject to 
infestation by Oregma bambusac Buckt. and Ocltro- 
phara motilaua Dist., the latter a pentalomid bug 
which breeds in millions on flowering bamboos. Dry 
bamboos are liable to attack by Slroniaiiinn barba- 
tum (Fabr.) and Diuodrrus spp. 

Fruiis mid Fruit Trees 

Gilrus. mango, banana, guava, sapoia and a few 
other tropical and sub-tropical trees are cultivated on 
a large scale in the plains in dilTerent parts of the 
country, while a|)ple, pear, peach, almond and walnut 
are usually grown in hilly areas. 

'riie main pests of seedlings and |K)tted grafts of 
citrus trees are the leaf miner, Phylloenistis citrella 
Staint., which often retards the growth of plants, and 
the caterpillar of lemon butterlly, Palyilio deuioleus 
liinn., which completely defoliates young plants : the 
latter is also a serious pest of plants in bearing. 
Numerous sucking pests reduce the yields of citrus 
crops ; the most serious among them is the citrus 
psylla, Duiplioriiia cilri Kuw., which is often destruc- 
tive to orchards in North India, especially in the 
Punjab. Several species of mealy wings infest orange 
and other citrus varieties ; Dialeurndes cilri Ashm. 
causes loss of sap and is responsible for a marked fall 
in yields. The Mediterranean fruittly, Ceratilis capi- 
tutu Wied., is absent in India, but the local species, 
Dacus ferriigiuciis Fabr.. D. znuaius Saund. and D. 
incisus Wlk., cause considerable damage to crops in 
several |)arts of India. 'Flie main pests of ripening 
fruits are the fruit sucking moths. Othreis julloma 
Glaii. and O. uiatcrna Linn., which drill holes into 
the fruit rind and suck up the juice : affected fruits 
develop fruit-rot and drop down. Among the stem 
borers which cause serious damage, mention may be 
made of the twig horer, Clielidoniuw ciuctum Giier., 
iti Mysore and C. argentatum Dalm. in Kerala ; 
^Iromatiiun barhatum (Fabr.) is a serious pest in 
Nagpur ; Monocliamus verstcegi Rits. is a destructive 


borer in Bengal, Bihar and Assam. The hark eating 
caterpillar, Indarbela (fuadrinotata Wlk., is a serious 
pest of older plantations in Nagpur. Prompt hand 
picking of eggs and caterpillars is recommended as 
a control measure. Affected leaves are either clipped 
or cleared of caterpillars and plants arc treated with 
a repellent or insecticidal spray. Ripened fruits arc- 
covered by bamboo ba.skets to keep away sucking 
moths. The application of DDT or BHC sprays or 
dusts are effective against several of these pests. 

The mango is a long lived tree and unless protecteil 
against pests, the yield may be seriously affected. The 
foliage of mango trees is often infested by the castor 
slug. Ptirasti lepidfi Cram., and tlie wild .silk moth. 
Cricula trifnicstraia I lelf. Tender leaves are destroyed 
by the leaf culling weevil, Dcponius uunginatus Pasc., 
and the Ilea weevil. Rhvuchacuus uiangiferae Mshll. 
hi some cases, leaves are webhed uji by a gregarious 
caterpillar. Ort/iaga cxvinacea llmpsn., which ulti- 
mately causes whole bunches to dry up. Mango is 
also subject to attack Iw shoot borers and gall insects. 
In parts of Bihar and Uttar Pradesh, the trees are 
allected by a serious shoot gall disease caused by the 
nymphs of a psyllid bug. A psylla cistellala Buckt. 
Young nymphs of this psyllid infest nascent leaf buds 
at the tip of the shoot or the axils of leaves, with 
the result that instead of flushes, a conical casket- 
shajK*d gall is formed. The most serious pests of the 
mango are the mango hoppers, Idiuccrus uiveosparsus 
Leth.. /. atkiusoui Leth. and /. clypcalis lA.*th., which 
infest inflorescences and prevent fruit setting. 'Fhe 
first of these species occurs in South Iiufia while the 
other two in North India. 'I'hc pests are controlled 
by spraying trees with DIYF. 'I’he tender mango 
shoots am! inflorescences are sometimes seriously in 
fested by the mango mealy bug, Drosicha uianglferar 
Gr.. which prevents the .setting of fruits and cau.ses 
their premature fall. The pest is controlled by grease 
banding of the tree trunks to prevent ascent of the 
nymphs or by a spray of Diazinon. 

Young mango fruits are liable to attack by the 
mango stone weevil. Cr\ptorhynchus uiangiferae 
Fabr., the grubs of which develop in the kernel of 
the Slone and pupate inside : the weevils emerge 
when the fruit is ripe. The grubs of (^ frigidus Fabr. 
feed on fruit pulp, and the fruits later drop to the 
ground. Maturing fruits are subject to infestation by 
the fruit flies, Dacus ferrugiueus Fabr., /). zonal us 
Saund. and D. dorsalis llendel : the maggots tunnel 
into the pulp and spoilage sets in. Destruction of 
weevils from fallen fruits, disposal of refuse and 


199 



INSECTS 


general cleanliness of the orchard help lo check the 
pests. 

'rhe mang(» tree is liable to attack by various stem 
borers, of which BaUn cra riifouuiculdtd de(». is the 
most common. The grubs of Moiiochdmus vcrsircfri 
Kits, infest trees in eastern India. Aamthop/iorus 
srrrdiiconiis Oliv., a large beetle found in North 
India, burrows through the soil and attacks roots. 
.Mfecied trees are felled and converted before the 
beetles emerge from the tunnels. Sometimes young 
mango plantations are severely damaged by several 
scale insects. 

rhe leaves of Ivmana {Musd s[)p.) are sometimes 
attacked by several caterpillars, e.g. Didcrisid ohlujud 
Wlk., Bcricdllid ricini Fain*., Pdrdsd Icpuid drain, and 
PnKlcuid liturd l"ahr. The plant is also liable to in- 
festation by the banana apliis, Prnldlonid uigro- 
iwrvosd Ckll., wliich is the carrier of the bunchy-top 
virus, 'file most serious pest of banana, however, is 
the hatiana root-stock weevil. Cosmopolites sordidus 
(k‘rm., which lays eggs at the ])ase of the stem : the 
grubs tunnel into the ro<»tstock. This pest lias now 
spread all over the tropics. Another weevil, banana 
borer weevil. Odoiponis loHfficollis Oliv., found in 
Bihar, U.P., Bengal and Assam, tunnels into the 
pseudosiem and ultimately kills the plant. 

The most serious pest of guava (Psidium frudjovd 
Linn.) is the mealy scale, Pulvludrid psidii Mask, : 
affected plants are covered with a sooty mould or a 
greyish meal. Maggots of the fruitfly, Ddcus fvrrih 
jritu’us l"ahr., and the caterpillars of the castor 
capsule borer, Dichocrocis ptniciifcrdlis (itten., bore 
into the fruits and cause spoilage. 'I’he tea mos(|uiio, 
llrloprliis dfitotiii Sign., is known to puncture young 
shoots and also to cau.se scabs on fruits in South India. 
Removal and destruction of affected fruits and spray- 
ing of affected plants with BIIC or l)ia/inon mav 
help to keep down the fruit fly and mealy scale pests 
respectively. 

The most serious pest of pomegranate (Piniiai 
ifrdddtum I atm.) is the pomegranate butterfly. Vird- 
c/iold isoerdtrs l"ahr.. the caterpillars of which bore 
iiiKt the fruits and eat away the seeds. The pest is 
common throughout the plains. Caterpillar of another 
butterfly, Epijdrhds diichtts Fruh.. causes .similar 
flamage to fruits in Kumaon and Dchra Dun. 
Developing fruits are covered by paper or muslin 
hags to prevent the hutterfly from laying eggs. 
Destruction of damaged fruits and hand netting of 
butterflies and destroying them arc suggested as 
control measures. 


One of the worst pests of grape vine (Vitis viniferd 
lann.) is the tiny flea beetle, Scclodoritd strigicollis 
Motsch. (Bo.mbay — Udddyd), which lives on the hark 
and attacks leaf and flower buds in spring. Kggs are 
laid on the hark and grtihs, on hatching, drop lo the 
ground and feed on the roots of the vine. The foliage 
is stihject to attacks hy the sphingid caterpillar, 
nippotion cclcrio Linn., which may at times entirely 
defoliate vines. The vine is al.so liable to infestation 
hy a .species of thrips, Rhipiphorothrips cruvntdtus 
Flood, scales and mealy bugs, e.g. Aspidiotus Idtanide 
Sign., Lcaniium kmg^ulum Dotigl. and Pulvitidrid 
mdximd Gr. Frtiits are attacked by caterpillars of the 
plume moth. Ow'ptilus regultis Meyr., found in 
Mysore and Ceylon. I'he grape vine girdler beetle, 
Sthetiids grisdtor Fahr., lays eggs in the distal 
part of the branch, which later wilts and dries 
up. 'Fhe grape vine chafer grubs, Adorvtus .spp., 
affect the roots. Destruction of ringed branches 
and collection of beetles afford control against the 
girdler beetle : in other ca.ses, spraying with DDT, 
nicotine sulphate or fish oil rosin .soap helps to keep 
down the pests. 

Cultivated lig (Ekus spp.) is occa.sionally subject 
to attack by rhe caterpillars of AgdUdis ficus Fabr.. 
Phycodcs miuor Moore and P, rudidtd Ochs., which 
cause defoliation : the stem borer. Bdtocerd rufomd- 
culdid de(i., is a .serious pest in some localities, 'fhe 
pests can be checked hy mechanical methods or by 
dusting with BMC. 

A small weevil, Ochyroou m arlocarpi Mshll., often 
infests buds and voting fruits of jack tree (Arlocdrpiis 
intvgrd Merrill) in western ghats and parts of Mysore : 
affected parts drop off from the tree. A caterpillar, 
Aldrgdroftid cdcsdlis Wlk., bores into the stem. Fumi- 
gation of borer holes with jK'irol or calcium tyanide 
paste is recommended for its control. Destruction of 
infested and fallen buds and frtiits and collection and 
destruction of weevils afford preventive checks against 
the bud weevil. 

The fruits of custard apple (Atiftotid sijUdmosd 
Linn.) are liable to infestation by the mealy hug, 
FerrisidUd virgdtd (C’kll.). 

A humped caterpillar. Cured suhlilis Wlk., attacks 
young plants of jamun (Syzygium cumini Skeeks) and 
cau.ses defoliation. Stones of fruits are often infested 
by the weevil, BdUminus C-<dbufn Fabr. 

Infestation by cateqtillars of Nepliopteryx eugra- 
phella Rag. cau.ses wilting of shoots of sapota {Achrds 
zdpoia Linn.). 

The principal pests of the her tree {Zizyphus spp.) 
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PBSTS OF CULTIVATED PLANTS AND STORED AGRICULTURAL PRODUCTS 

1. Red hairy caterpillare (Amsacta alhhlrisa) on millet plant ( x6/7); la. moth (6/7) 2. Til leaf and pod caterpillar (AntiQasira ralalautiolii) ( 2\ ) :2a. moth 

( x2) 3. Red pumpkin beetle ( Auhica/jliora fniricollis) feedinc on cucumber leave* ( -MJ); 3a. larva ( \4i) 4. Cucurbit fruitfly (Dntus fwurhUaFi { - i); 4a. 
mapBot 5. Tobacco caterpillar {Protienin lilura) ( *. 1|); .Sa. moth ( - ?) 6. Coffee atem borer {Xvhirrrhia qiiaflri/ir\) ( ■ l-H'S) 7. Tea moequito i Hrtoftclhs 
antonii) ( x 2) 8. Jaamine hug (Antnt’a rruda/tO ( x 2) 9. Stem *irdler beetle iri» wi/or) (nat. aire) 10. Orangr atem borer •.\foniu/ifttmnirr\f>rqi) (nat. 

aiae) 11. Manno atone weevil {Crvptorrhvnchus tnangiferae) (x i) 12. Maneo fruitfly {Ihuuy /etrut^hiri.s), female ( .■ ;li); 12a. magqot 13. Banana root-atock 
weevil (Cosmo/iolitex sordidui) ( < '^)l 13a. aide view of head 14. Ber fruitfly (Carfiomria re\ur iaria) (-.4) 15. Woolly aphia of apple (/innwmn lanigeruin) 
wingleas female ( X 10) 16. Rhinoceroa beetle (Oryctes rhinocerns) (nat. aiae); 16a. aide view of head of male 17. Red palm weevil ( H/nnc/ioph»nit fnrugineus) 
(x 1-1/6); 17a. aide view of head of male 18. CiBareite beetle (LaMWrrma (■'><); 18a. larva covered with pa rticlea of tobacco leaf ( -'.8); 

18b. damaged cigar with exit holea of the beetle 
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arc the her fruitfly, Carpomyui vesuvuma Costa, and 
the horing caterpillar, Meridarchis scyrodes Mcyr. 

The main pests of liichi {Litchi chinensis Sonn.) 
arc the litchi leaf-curling mite, Eriopliyes sp., and the 
hark eating caterpillar, Indarhela quadrinotata WIk. 
Tlie latter also attacks loquat (Eriobotrya japonica 
landl.). Spraying with lime-sulphur controls the mite 
while fumigation of horer lioles with petrol is effective 
against the bark eating caterpillar. 

Roots of mulherry [Morns spp.) trees are at times 
sidqcct to attacks hy beetle borer grubs. 

The leaves of cashewnut tree [Anacardium occi- 
dentide Linn.) are liable to infestation hy colonies 
of the cacao thrips, Svlcnothrips ruhrocmetus Giard. 
Young shoots are often punctured hy the mosejuito 
hug, Htdopcltis (niionii Sign. 

Pineapple [Ananas comosus Merrill) is usually free 
from insect attacks. Occasional damage hy the mealy 
hug. Pseudococcus hrcvipcs Ckll., has been reported. 

Singhara or water nut [Trapa spp.) is often serious- 
ly damaged hy the beetle, Galcrucella hinnanica 
Jacoby. 

Am la [Enihlica officinalis Gaertn.) is affected by a 
caterpillar, Betousa stviopliora Swinh., which causes 
round galls in shoots. The mealy hug. Pseudococcus 
sp., attacks tender |)arts of the plant. The bluish 
metallic green hug, Sculcllera nohilis Fahr., sucks the 
fruits. 

Wood Apple [Eerotiia linionia Swingle) and hael or 
hilwa [Aeglc marmclos Correa) are Jiffected hy the 
caterpillars of Euzophera plumhcifasciella Hm|>sn. 
and Ariiyroploce carpophaga Walsm., which infest 
the fruits and bore into the pulp. Two sjiecies of flea 
l)eetles, Clitea picta Baly in North India and C, indica 
Jacoby in South India, breed on young flushes of hael 
and cause much damage. 

Papaya [i'arica papaya Linn.) is not affected hy any 
serious pests in India. 

7'he cultivation of apple, pear, peach and almonds 
is restricted to the hilly areas. Some of the pests, 
e.g. San Jose .scale and woolly aphis of a|)ple, com- 
monly noted on these fruits in Europe and Western 
Asia, have been recorded in India : there are still 
others which have not as yet found entrance into this 
country and it is necessary to tighten (juarantine 
restrictions at the frontiers to prevent their introduc- 
tion into India. 

The following arc among the pests of West Asia 
affecting apple, peach and almond in parts of West 
Pakistan, but which have not so far been reported 
from fruit growing regions in India: Apple hud 


moth, Spilonota ocellana Schitl. ; white tussock moth 
of apple, Euproctis signata Blanch. ; ermine moth, 
Hyponorneuta padella I aim. ; codling moth of apple, 
Carpocapsa ponionclla Linn. ; apricot shoot horer, 
Anarsia luieatella /ell. ; shot hole horer, Scolytus 
amygdali Guer. ; apricot chalcid. Euryloma samso- 
novi Vass. ; black steni-a[»his of peach. Pteroclilorus 
[TmcIuius) persicae Choi. ; olive psylla, Eupliyllura 
olivina (Costa) : and olive fruitfly. Dacus oleae Fahr. 
var. asuiiica Silv. 

'riic San Jo.se scale. Ouadraspidiotus pcrtiiciosus 
Comst., is a seru)us pest of apple in Kashmir and has 
already spread into many parts of India ; the woolly 
aphis of apple, Eriosonui lanigcrum llausm., has 
similarly become widespread in India. 'The pear 
psylla, Psylla pyricola Fdrst., commonly found in 
N.W. Frontier Province has also been recorded from 
Kumaon in Uttar Prade.sh. In Assam, apples are liable 
to infestation hy two frtiit weevils. Dysccrus lleiclieri 
Mshll. and D. inalignus Mshll. : a shoot horer. /1/ci- 
dodes niali M.shll. : and a twig girdler, lAnda nigro- 
scutata Fairm. The beetle, Aeoleslhes sarla Solsky, 
which bores into the stems of the apple plant, is found 
in Kashmir. Dorysthenvs hugelii Redt. infests the 
roots of apple plants in Kumaon. the I^mjah and 
Himachal Pradesh. In these States, apple orchards are 
also damaged hy the tent caterpillar. (Uisiocampa 
indica Wlk., and a number of leaf-defoliating and 
fruit-eating beetles, vi/. Afeloloniha, Adore! us and 
Anomala spp. 

Peaches, almonds and apricots are subject to the 
attack of three aphids, vi/. green ajihis, Myzus 
persicae (Sul/.), leaf-curling aphis, Anurapliis lieli- 
chrysi (Kalt.), and mealy aphis of peach, liyalopterus 
arundinus Fahr. Splienoptera lafertci Thom, is a 
.serious pest of peach, j>ear and plum in Kashmir, 
Uttar Pradesh and Delhi. Dacus zofiatus Saimd. and 
D, ferrugineus Fahr. damage peach fruits. Tlie San 
Jose scale and another scale. Pseudaulacaspis penta- 
gona 7’arg., also attack peach. 

The walnut [Juglans regia Linn.), which grows wild 
throughout the Himalayas and hills of Assam at 
elevations of ^(xm) to ii.txx) ft., is subject to attack 
hy a weevil, Alcidodes porrcctirostris Mshll., which 
emerges from hibernation in spring, feeds on leaves 
and flower buds, and infests yenmg fruits. 

Coconut (Cocox nucifera Linn.) and areca nut 
[Areca catechu Linn.) arc the chief palms cultivated 
in India. Palmyra [Borassus flahellifer Linn.) and wild 
date [Phoenix sylvestris Roxh.) are found growing 
semi-wild in many places. The black-headed cater- 
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pillar pest of coconut, Nephantis serinopa Meyr., 
is also known to attack palmyra, wild date and 
talipot [Corypha umhraculifcra Linn.). The rhino- 
ceros beetle, Oryctes rhinoceros I jnn., bores into the 
base of top fronds and causes serious damage ; the 
beetle breeds in dead trunks and farmyard manure. 
The red palm weevil, Rhynchophorus ferruginetts 
Oliv., is a serious pest of date and sago palms 
(Metroxylon spp.) : the weevil is attracted to the 
palms by the odour f»f the oozing juice ; it lays 
eggs in steins of injured or diseased palms and 
eventually kills the top shoots. The plant louse, 
Ceratnphis Jataniae Boisd.. is sometimes found 
on young palms and has often proved a serious 
pest of areca palms in Mysore. The desert locust, 
Schistocerca gregaria Forsk., and the Bombay locust, 
Patanga succincin Linn., have been recorded as 
causing defoliation of coconut and areca palms on 
the west coast. Date palms in N.W. India arc also 
known to have been similarly attacked by the desert 
locust. Preventive measures consist chiefly in locating 
l)reeding places and destroying the pests in the early 
stages. Crown less and felled frees must be promptly 
disposed of, since they serve as lirecding materials 
for pests. Insecticidal sprays have proved effective in 
some cases. During certain seasons, braconid wasps 
act as natural enemies of black-headed caterpillars 
and afford some control. 

IjK'ltStS 

Locusts (Order Orthoplcra, family Acrididae) 
are grasshopper-like insects, though bigger in 
size, at limes multiplying greatly and migrating long 
distances in swarms. They are voracious eaters and 
cause immense destruction of economic plants. 
I/K'usi species occur in two phases, solitary and gre- 
garious, connected by transitional forms. The two 
phases are convertible; the progeny of the solitary 
phase, if reared in crowds, gets converted into the 
gregarious phase anti the gregarious type, if reared in 
isolation, reverts to the solitary phase. Out of a dozen 
species of locusts known from different parts of the 
world, the more serious |K*sts in the Indian region 
are the desert locust, Schistneeren gregf/ria Forsk., 
the migratory locust, Locusta migralnria Linn, and 
the Bombay locust, Patanga succincla Linn. Detailed 
information on the locust species will be found in tbe 
article on locusts. 

PKSIS OK TIMBER IKKE.S 

Insect pests of forest trees may be grou])ed under 


four main categories, namely borers, defoliators, sap- 
suckers and other pests. 

Borers 

The borers are mostly beetles (Colcoptera), moths 
and butterflies (Lepidoptcra). Both adults and larvae 
of beetles and larvae of moths bore into wood ; beetles 
lay eggs on the harks of trees or inside the wood in 
galleries. Some adult forms belonging to Hymenop- 
tera and worker and soldier castes of termites 
(I so pt era) also act as borers. 

The more important coleopterous borers are the 
following: Ghoon or powder-|K)sr borers of dry and 
semi-dry wood attack felled trees and dry timber, 
both logs and planks : the beetles are dark brown in 
colour and of small size (length, 2-8 inm.). Dinoderus 
brevis Horn, /). minutus Fahr. and /). ocellaris 
Stephens attack bamboos. Adult beetles bore through 
cut or abrased surfaces : |)airing takes place insiile 
the tunnels where the eggs are also laid. Hie larvae 
bore further up and down until the entire bamboo 
is riddled through and pupation also occurs in holhiw 



FIG. 116 . DINODERUS SP. (GHOON) ATfACKING BAMBOO 
(DENDROCALAMUS STRICTUS NEES) 
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HG. 117. BEETLES OF; (•) LYCTIJS AFRICANUS LESNE (X 14) 
(b) MINTHEA RUGICOLLIS WLK. (v 18 ) 

iiinnels. The adult beetle may either lly away or 
breed a second generation inside old tunnels. There 
are at least three annual general ions, the peak periods 
of emergence of adults being March-April, Jtine-July 
and Septemher-Octoher. Control dtiring short periods 
of storage (up to i year) in depots is possible by treat- 
ing (dipping or spraying) the culms with 0.5-1% 
HI 1 C or 5“ 10% DDT. Longer protection is obtained 
by treatment with coal tar creosote which, to be 
effective, should he allowed to penetrate into the 
tissues. Other serious bostrychid i>ests of. timbers are: 
Uclcrohostrychm acqualis Waterh., Lyclus hrimneus 
Stephens, L. africaiius Lesne, Minthca rui^icoUis Wlk., 
Rhizopertha domimat Fabr., Sifioxylon analc Lesne, 
S. cmssuni I^esne and Xyluthrips flavipcs Illi. 

Two inspections of storage dejiots, in March and 
October, are desirable to ensure protection of stock 
from borer attack. Casein-lime glues used for plywood 
usually contain an antiseptic like copper chloride, 
sodium fluoride or sodium arsenate, which are slight- 
ly toxic to borer larvae. Phenol-formaldehyde resin 
binders are impervious to fungi, termites and bostry- 
chid borers. Dipping in boric acid or zinc chloride 
or spraying stacks with strong solutions of the same 
chemicals checks damage to veneers and splints used 
for matches. Full protection of pith from Rhizopcrilia 
dominica is obtained by io% solution of sodium 
fluosilicatc in water or i part of cop|)er sulphate with 
3 parts of arsenic pentoxide in 4% acjucous solution. 


General cleanliness of stock yards and depots 
(freedom from felling refuse or fuel stacks) keeps oft' 
Sinoxylon spp. 

Tree borers — Ccramhycidae constitutes an impor- 
tant family of tree borers. The beetles are large 
(length, 10 -50 mm.) and possess long antennae. The 
sal borer, Hoploicranthyx spinicornis Newm., is the 
most serious j)est of sal {Sliomi rohusta Gaertn. f.) 
and a few other trees. I'he beetle is 25-50 mm. long 
and is dark brown in colour with a single annual 
generation. Soon after emergence from trees, with 
the onset of and during the monsoon (Junc-Septem- 
her), the beetles lay eggs in the crevices of the bark 
of well grown, but sickly, sal trees ; young trees are 
usually free from attack, while healthy trees are 
attacked only during an epidemic. Fggs hatch in 2 
to 3 weeks : the grub bores into the sapwood and 
later, as it grows, penetrates into the heart wood 
where it makes kmg, sub-cylindrical galleries through- 
out the trunk and main branches. Single trees have 
been known to harbour as many as i.rxx) larvae, 
thougb ordinarily tbe number is much less. The 
white, cylindrical grub usually grows to its full size 
(size of the small human finger) by November. Pupa- 
tion occurs near tbe outer surface of the tree in a 



FIG. 118. LONGITUDINAL SECTION THROUGH LARVAL AND PRE- 
PUPAL TUNNEL AND PREPUPAL CHAMBER OF THE SAL BORER. 
HOPLOCERAMBYX SPINICORNIS NEWM., IN SAL (SHOREA ROBUSTA 
GAERTN. f.) SHORTLY AFTER CONSTRUCTION OF OPERCULUM 
(a) EJECTION HOLE IN BARK (b) CALCAREOUS OPERCULUM 
(c) WOOD DUST LINING THE CAVITY (d) PUPM. CHAMBER fr) PRE- 
PUPAL STAGE OF RESTING LARVA (x J) 
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FIG. IIV. BEETLES OF: (a) HOPl.OCEKAMBYX SPINICORNIS NHWM. 
(NAT. SIZE) (b) AEOI.ESTHRS IIOLOSERICEA FABR. (x l|) 


cliainber, which is |)lugged over with a helmet-shaped 
calcareous o|Krculum. The beetle, which reaches 
adulthood in May -June, remains c|uiesccnt for 2 to 3 
weeks, emerging with the first shower of the monsoon 
rain in June-July. Control is achieved mainly through 
sylvicultural and mechanical means ; the forest is 
kept clean of dead wood and refuse and op|X)rtunities 
for breeding of the beetle are eliminated ; the mecha- 
nical means involve attracting the beetles to felled sal 
trees to catcli and kill them. 

Other important ceramhycid pests are: Aroleslhes 
holoscricea Fahr.. which resembles Ho place rani by x 
spiniconiis Newrii. and attacks several species of 
dead and dying trees : Batoccra horsfiddi Hope, a 
stem borer of oak, and B. riijoniaculata deG., a stem 
borer of seemul (Salnialia nialnbarica Schott & Kndl.), 
walnut and .several other trees : Coelosterua scabrator 
Fahr., a root borer of babul, casuarina and her trees, 
especially the first named to which it causes serious 
damage in Peninsular India ; Dihammus cervintis 
Hope, which causes swollen canker in saplings of 
leak : Slromatium barbatum (P"ahr.), a borer of dry 
timber (logs, planks, furniture) witli a life history 
covering i to 10 years ; and Xylo/rccliits stnei T.,ap. 
& Gory, a borer of several species of newly felled 
trees. 

The more important pestiferous species of snout 
beetles (Curculionidae, 5-20 mm. long) are: Cyrto- 
trachelus dux Boh., a borer of sprouting bamboos ; 
Pagiophlocus longiclavis Mshll., the mahogany 
collar borer of South India ; and Rhynchophorus 


ferrugineus Oliv., the red weevil borer of coconut 
palm. The mahogany collar borer lays eggs singly 
in wounds on living boles and usually near ground 
level ; the larvae bore into the sap wood, causing 
canker at the base of stem and ultimately the 
death of sapling ; two or three annual generations 
occur and beetles emerge all the year round. Hand 
picking and destroying of beetles at the beginning 
of the monsoon (June-August) is helpfid to check 
the pests. Dead palms and logs which remain unused 
in the construction of buildings and bridges should 
he destroyed lest they afford breeding material for 
beetles. Old leaves are cut off and wounds of any 
kind are tarred. Larvae should be killed by fumiga- 
tion of wood crevices. 

The heartwood borer, Atiraclocerus reversus Wlk.. 
is a serious pest of salai (Boswcllia serrata Roxb.), 
a timber u.sed for cheap boxes and packing ca.ses and 
also for the manufacture of paper. Felled wood should 
be stored with sterilised ends and the barks should 
be swabbed with creosote oil mixture which keeps 
them alive and green. 

Pin-hole and shot-hole borers (Platypodidae and 
Scolytidae) are liny sub-cylindrical beetles causing con- 
.sidcrablc damage to wood. They are so named because 
of the nature of damage they cause. Some are known 
as ambrosia beetles because they promote fungus 
growth in galleries made by them in the wood. The 
galleries have a distinctive and rather decorative 
pattern and consist of a number of bori/ontal 



FIG. 120 . (a) BEETLES OF DIHAMMUS CERVINUS HOPE (x 4/5), 
GNAWING PATCHES ON BARK OF THE STEM OF TEAK (TECTONA 
GRAND1S LINN, f.) (b) SWOLLEN CANKER CAUSED BY THE BEETLE 
ON SAPLING OF TEAK; ch: EXIT HOLE; ap : SAPLING BROKEN 
(c) CATERPILLAR OF HYBLAEA PUERA CRAM. DAMAGING TEAK 
LEAF (X U) (d) CATERPILLAR OF HAPALIA MACHAERALIS WLK. 

DAMAGING TEAK LEAF (NAT. SIZE) 
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galleries leading on either side from a central parental 
gallery. 

Several species of Crossotarsus (Platypodidae) occur- 
ring in India are polyphagous. Diacavus furlivus 
Samp, bores into sal wood ; Platypus biformis 
Chapuis bores pines : P. solidus Wlk. is polyphagous. 

Coccotrypes spp. {Scaly tidac) bore into fruits and 
seeds of Areca catechu Linn, and other trees : Ips 
longifolui Steb. bores conifers in tbe Himalayas : 
Sphaerotrypes sizvalikeusis Steb. is a borer of sal trees ; 
Xylehorus testaceous Wlk. and other species of the 
genus are common tree borers. 

Coal tar, carbolincum oil and other mineral oils, 
water-soluble salts, cow dung and similar deterrents 
are used to deter pin-hole borers in tropical forests. 
Injection of arsenicals docs not prevent borer attack. 
In areas of heavy infestation of shot-hole borers, the 
whole crop of berries and flowers is burnt. The appli- 
cation of poisonous paints to kill borers after pruning 
is expensive. 

Among the other families of coleopterous borers. 



FIG. 121. GALLERY SYSTEM OF AMBROSIA BEETLES ON SURFACE 
OF BARK STRIPPED FROM lOG OF CEDRUS DEODARA LOUD. 


Anohiidae, Anthrihidae and Buprestidac contain 
serious pests of forest plants. Chrysomclidae includes 
the common bamboo borer, Kstigmena chinensis 
Hope. Scarabaeidae and the sulvfamilies A/r/o- 
lonthinae and Ruielitiae include the cockchafer 
groups, whose grubs live in soil and cut roots and 
stems of seedlings and saplings. • 

While the larvae of the majority of moths and 
butterflies {Lepidoptcra) are defoliators, those of a 
few families are borers of wood. The shoot borer, 
Dichomcris eridafitis Meyr. {Gelechiidac), is a pest 
of shishain {I)alhcrgia spp.) ; it has seven annual 
generations in North India. 

Hypsipyla robiista Moore (Pyralidac), the borer of 
cedar {Cedrus deodara Loud.), toon {Ccdrcla tooua 
Roxb.) and mahogany [Szeietenia uiahogani Jatxp), is 
also a borer of fruits and seeds. Five annual genera- 
tions are reported on toon in North India. Control is 
achieved by silvicultural methods : close spacing 
checks its increase. Mature caterpillars are trapped in 
bands and destroyed. Predators derived from weeds 
and shade crops help in the biological control of the 
pest. 

Borers of boles and branchwooil -Xylcutes ccra- 
niica Wlk. {Cossidar) is the beehole borer of teak in 
Burma ; it has not so far reached India and Ceylon. 
Zeuzera coffeae Nietner is the red borer of coffee in 
South India. Phassus malabaricus Moore (Hcpialidac) 
and hidarbcla (iiiadriuoiata Wlk. (Indarhclidac) 
are polyphagous. Ilapsifcra rugosclla Staint. (Tinci- 
dae) bores through dead bark of manv s|>ecics of 
trees. 

The greasy cutworm. Agrotis \psilou Rott. (Noctui- 
dae\ is a common polyphagous pest of seedlings in 
gardens and forest nurseries, especially in the Hima- 
layas and in the Indo-Gangetic plain : it also occurs 
in many other countries. The larvae live in soil, 
emerge at night and cut seedlings at the ground 
level. Collection and destruction of cutworms are re- 
commended as a control measure ; irrigation also 
affords a means of eradicating the worms in nurseries. 
Dusting .seed beds thickly with wood ashes or a 
mixture of cjuick lime and ashes acts as a physical 
barrier to cutworms. 

The larva of the w'CH)d wasj), Sirex intperialis 
Kirb. (Order Hymcnoptcra, family Siricidac), bores 
tunnels into logs of conifers in the Himalayas. The 
adults of carpenter bees, Xyheopa spp. (Xylocopulac), 
bore into dead brandies, posts and rafters of several 
species of timber. 

Termites (Isoptem) of the family Kaloterwilidae 


205 


INSECTS 



FIG. 122. SECTIONAL VIEW OF TUNNEL BORED INTO WOODEN 
POST BY ADULT OF CARPENTER BEE (XYIOCOPA SP.). SHOWING 
CELLS CONTAINING: (b) BEE BREAD (c) EGG il) LARVA 

bore into wood of several species of trees where they 
breed. For example, Arclwtcnnopsis wrougbtoni 
l)cs. is a borer of conifers in the Himalayas : Crypto- 
trnnes spp. are dry wood termites ; Ncotrnnes mili- 
iaris (]3cs.) is a borer of tea : while N. gurdncri 
(Snyder) is a borer of mango and several other species 
of trees. N, tccUnuw (Damm.), a .serious horer of teak 
in Indonesia, does nor occur in India. 

Dcfoluilors 

The defoliators are mostly beetles {Colcopicra), 
moths and hiitterflies [Lcpidoptcra), Defoliation is 
caused by both adults and larvae among hectics and 
by larvae alone among moths and butterflies. Other 
defoliating forms are locusts, grasshoppers and 


crickets (Orthoptera), and bees, ants and sawflies 
{llymcnoplera). 

Adults and larvae of several species of beetles 
{Colcopicra) of the families Chrysomelidae, Curculio- 
nidae and Scarabacidae feed on the foliage of trees and 
sometimes cause serious tlefoliation. Both larvae and 
adults of Calopcpla Icayana Latr. {Chrysomelidae) 
arc seriotis pests of G7uclina arborea lann. in eastern 
India and Burma. The larvae of Ksiigmcna cliinensis 
Hope feed on culm sheaths of bamboos, while hectics 
bore into culms. 

Adults of several species of Curetdionidae either 
eat flowers, floral btids and leaves or roll up leaves : 
larvae feed on leaves and also mine them. Beetles of 
Mylloccrus spp. defoliate several varieties of trees, 
while larvae of Coniatus indicus Mshll. defoliate 
Tamarix gal lien Linn. 

Both beetles (Sub-families, Mclolonihinac and 
Rutclviac) and larvae (Sub-families, Cctominac, Euchi- 
rinac and Dyiiaslitiac) r)f family Scarabacidae feed on 
leaves and cause damage. For example, Anomala 
bengalcfisis Blanch, and other species of this genus 
defoliate species of Cassia and Lagers! roc tnia ,* larvae 
and pupae live in .soil. I’he rhinoceros beetle. Oryctes 
rhinoceros Linn., is a serious pest of coco- 
nut palm throughout India : the adults destroy 
growing buds. 

Larvae of some families of Diptcra either pierce 
leaves or destroy buds and fruits. Ophuwiyia lanta- 
nac Frog. {Agromyzidac) destroys seeds of lantana, 
while Asphondylia lanianac Felt pierces flower buds 
and causes gall formation. 

Sawflies {Tcnthrcdinidac) and ants (Eormicidac, 
order Hymcnoptcra), damage the foliage of trees. The 
sawfly, Cibdcla janihina King., defoliates Rnbus spp. 
The ants, Myrmicaria brunnea Satind. and Solenopsis 
geminata Fabr., bite holes in leaves and buds causing 
serious danicigc. 

The caterpillar stages- of moths and butterflies 
(Lcpidoplcra) are the principal defoliators among 
in.sccts. The following are a few of the important 
species occurring in India : 

The deodar defoliator, Eelropis dcodarae Prour 
{Geometridae), is a serious pest of deodar in western 
Himalayas ; repeated defoliations by the insect kill 
the trees. The life cycle is annual. The pest is control- 
led by the use of sticky bands, or bands of insecti- 
cidal dusts like BHC, DDT, etc. around tree trunks 
to prevent the ascent of wingless female moths for 
ovi[>osition. 

The leak defoliator, Hyblaea pucra Cram. {Hybla- 
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FIG. Ui. ANOMAl.A BENGAKENSIS B1.ANCH. ; («) BEETLE 
(b) I.ARVA 


eidac), is a serious pest of teak. The leak skeletoniser, 
tiapalia wacluwnilis Wlk. {Pyralidac), defoliates teak 
tliroughom South-Kast Asia. Both are iniiltibrooded, 
there l)cing ahoiit 14-15 g<-‘itt-*rations per year in 
South India. 

Owing to their short life cycles cTiid constantly 
shifting foci of infestation, direct control measures, 
like spraying forest ground and liring of pupating 
larvae, are not universally adoplahle. Only after an 
assessment of defective factors in infested localities, 
polyphagous parasites and predators can he intro- 
duced as agents of biological control. 

The sal defoliator. I^ymautrut uialhiira Moore 
(l^yinantriidac), occurs periodically and causes exten- 
sive defoliation in North India. L. ohfusaita Wlk, 
is a pest of willows, S(di\ alba Linn, and S. frafflis 
Linn., in Kashmir. Scraping olf or oiling egg masses 
in winter and spraying kerosene or crude oil on cater- 
pillars and pupae are recommended as control 
measures. 

The shisham defoliator, Plvctoplcra rrilexa (iuen. 
(Noctuidac), is sometimes a serious pest of shisham 
in the irrigated parts of the Punjab and Uttar 
Pradesh. 

The hag worm, CAania cramerii Weslw. (Psych idac), 
is a polyphagous species causing defoliation of 
acacias, pines and other species of trees throughout 
India. The female is wingless and griih-like in 


appearance ; it lives in a cylindrical hag made of 
woven silk covered with thorns, cut pieces of twigs, 
etc. The life cycle is annual. 

Several other families of Lepidopterft also include 
defoliators. 

The nymphs and adults of hoih long-horned 
and short-horned grasshoppers, locusts and crickets 
(Orthoptcra) feed on foliage. Several species of short- 
horned grasshoppers, such as Aidarchcs tnilians 
Linn., /I. punctalus Drury and Hicm}rl\phns hani(i 7 i 
Kabr., cause defoliation in forest nurseries. Catau- 
tops humilis Serv. and Crracris dcflorain Brunn. 
feed on leaves of teak. Lctaua infbtla Brunn. (Tettigo- 
nidac) feeds on the foliage of sandal, Smihduvi 
album Linn. 

Locusts, which are gregarious, and migratorv grass- 
hop[KTS, also cause serious defoliaiion. Clout rol is 
elfected by dusting and spraying insecticides, such as 
BlIC and Aldrin. 

Among crickets ((h\/lidac), Brach\tr\prs porlcu- 
tosus lacht. feeds on seedlings (»f casuarina. teak and 
other species of trees. G\}}iti(>gr\llus hunicralis Wlk. 
is a pest of casuarina seedlings in Bombay Si.iie. 'i'o 
avoid infestation, seed beds in nurseries are isolated 
by planks or by trenches, and earthenware pot traps 
are sunk to catch the insects. Water mixed with weak 
oil emulsion, turpentine or kerosene is also used. 
Poison bails of sodium lliiosilicate ;md bran mash 
are sometimes effective. 

Sap-suckers 

The .sa|vsuckers are bugs, aphids, scale insects 
(Heteroptera and Hofuapleru) and ihrips (Tliysauop' 
trru), of which insects of the first three groups are 
more numerous and also economical I v more impor- 
tant. Adults and nym[)hs of the sap-suckers |>ossess 
proboscides through which they pierce twigs and 
leaves and suck the sap. Kxcessive drain of food juices 
has a deleterious effect on the health of the host plant 
which may ultimately die. 

'fhe whitefly of cotton. Bemisia gossypiperda Misra 
iS I^Tinba, infests several scrubby plants, including 
the clerodendrons. Clout rol is afforded by s|)ravitig 
with rosin soda or fish oil rosin soap. 

CAiermes abictispiceac Sleb. (Apliididae) is a jK*si of 
conifers. Picca smithunia Boiss. and Abies piudroiv 
Royle, in the Himalayas. It exhibits alternation of 
generations between winged and wingless forms. The 
woolly aphis or American hlight, Eriosoma lauigerum 
llausin,, is a serious pest of apple trees. The green 
peach aphis, Myzus persieae (Sulz.). attacks trees like 
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shivshain [Dalhergui sissoo Roxb.) ; it also serves as a 
vector in transmitting several virus diseases of 
solanaceous and cruciferous vegetables. 

Kxposed colonies of aphids are controlled by spray- 
ing with soap emulsions and tobacco decoction. 
C\)lonies of woolly aphis on branches and steins of 
apple trees arc checked by spraying with fish oil rosin 
soap and those infesting roots, by fumigation with 
pa rad ich 1 orobenzene. 

Among scale insects (Cocddtic), Aspidiolus destruc- 
tor Sign, is a pest of coconut and other palms. 'I'hc 
pernicious or San Jose scale, Quadraspidiolus pcrtii- 
ciosits Conist., is a cosmopolitan pest of willows and 
several fruit trees, especially in north-western Hima- 
layas. Originally a native of China, it reached India 
in the year igii. The pest has been elfectively con- 
trolled in the Punjab and Ka.shmir by spraying with 
oil emulsion containing diesel oil, pot.'ish and fish oil 
soap. 

'J’he female of Dt/ctylopius tofticntosus liinn. (syn. 
D. opuntme Licht.) breeds freely on some cacti, viz. 
Opimtia eliator Mill, and O. dillcuii Haw., and kills 
them ; but it does not survive on O. vulgaris Mill., (), 
ficus-indica Mill, and O. decuuiatia I law. It has been 
successfully useil for controlling the spreading of 
cactus species in India. Originally an American insect, 
it was introduced into Cx*ylon in 1924 and into India 
in 1926 ; in both countries, success has been achieved 
in controlling the spread of cactus. 

Drosicha maugifcrac Gr. is a serious pest of 
shisham, Ficus spp., mango and other trees, while D. 
stchhiugi Gr. is a periodical pest of sal. Application 
of sticky bands to trunks as barriers and spraying 
with fish oil rosin soap have been used as checks 
against Drosicha spp. attacking orchids. 

I'he lac insect, iMccifcr [Tacliardui) lacca (Kerr), is 
cultivated on a variety of host plants, such as kusum 
(Schlcichcra oleosa Merrill), palas (Hutca mono- 
sperma Kiintze) and her (Zizyphus jujuba Lam.). 
Certain plants are preferred to others naturally and 
the (juality of the lac produced varies with the host. 
When infestation is heavy, the host plant suffers in 
vitality and may even die. Insect enemies, like 
Kuhlcnuna amabilis Moore (Noctuidac) and Holco- 
cera pulvcrea Meyr. {Rlastofascidae), attack the lac 
insect and damage lac crops. 

The canefly, Etir\bracliys lomvntosa Fabr. (Fulgo- 
ridac), feeds on Albizzia Icbbck Benth., Cassia fistula 
Linn., Santalum album Linn, and other species of 
trees, and retards rheir growth. No control measures 
have so far been devised. 


Among leaf hoppers or green flics (Jassidae), Idio- 
cents atkinsoni Leth. and other species of the genus 
are pests of mango and fre(|uently cause heavy loss to 
the crop. Jassus indicus Wlk. is suspected to transmit 
the virus causing the spike disea.se of sandal. Specific 
control measures have not been known, but pests of 
agricultural and fruit crops can lx‘ controlled by 
spraying with DDT. 

Stink bugs (l^entatomidae) are relatively large in size 
(length, 5-15 cm.). The champ bug. Urostylis puncti- 
gera Westw., is frecjuently a .serious pest of champaka 
(Michelia cliampaca Linn.) in Bengal and Assam. It 
has five generations in a year : nymphs and adults 
feed on leaf and .shoot sap. Pure stands are more sus- 
ceptible to attack than mixed ones. In.secticidal 
.sprays, such as lime-sulphur wa.sh and DDT, afford 
control against the pest. 

jumping plant lice [Psyllidae) feed on leaves of 
trees and cau.se gall formation. Heavy attacks may 
either dwarf the growth of trees or even kill them. 
The following arc the more important pest species ; 
Apsylla cisiellala Buckt. on mango; Fuplialcrus 
vit talus Crawf. on Cassia fistula Linn. ; Fhylloplecta 
hirsuta Crawf. on Terminalia lomvulosa Wight & 
Arn. ; and Trioza fictchcri Crawf. on Gmclina 
arborca Linn. 

The lantana lace bug. Teleouemia scrupulosa Slal 
(syn. r. lantanac Dist., Tingidac or Titigitidac), breeds 
principally on Lantana spp., but in the absence of 
this plant, it has a tendency to attack teak and other 
plants. It was originally introduced in Dehra Dun 
(U.P.) in 1941 from Australia witli the object of its 
acclimatization and use *‘or controlling the spread of 
lantana, which was a serious plant pest in many parts 
of India. It was bred under (juarantine conditions for 
a few years, but the trial was abandoned in 1943 due 
to the possible danger to teak on wbicb it may get 
established in the absence of lantana. It has, 
however, become established in Dehra Dun and its 
vicinity. 

Thrips (Tli\sanoptera) are tiny, sf»ft-bodied insects 
commonly feeding on sap of flowers, buds, leaves 
and soft shoots. Infestation leads to the premature 
dropping of flowers ; leaves and buds shrivel up and 
die. A few species are serious pests of trees. Andro 
thrips dhumrapaksha Ayyar causes considerable 
damage to the tender foliage of Ficus retusa Linn, in 
South India. The grape vine thrips, Rhipiphorothrips 
crnvntatus Hood, occurs on several trec.s, e.g. Ana- 
cardium occidentalc Linn, and Syzygitim cinnini 
Skeels, and causes considerable damage. It bas 5-S 
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FIG. 124. HGG-LAYING OF LANTANA BUG (TELHONEMIA SCRUPULOSA 
STAI.) ON I.EAVES OF LANTANA : (•) UNDERSIDE OF LEAF SHOWING 
CURLING AND CRINKLING AS A RESULT OF EGG-LAYING (b) FIFTH 
STAGE NYMPH OF THE SAME (c) PORTION OF LOWER SURFACE OF 
LANTANA LEAF SHOWING EGGS LAID AlONG MIDRIB 

gciicTatioiis a year. Tacniolhrips carclamomi Ayyar 
attacks Inids and l)loss()ms of cardamom, Elvltana 
Curdamnmuiu Maton, causing serious loss of 
crop ; at one lime it even thrcalened the existence 
of cardamon plantations in South India. The |>cst 
is controlled by spraying tobacco extracts ; decoc- 
tions of leaves of Calolropis pnnera R, Br. and 
indiat A. juss. with .soap arc useful 

siihstitiites. 

Other Pests 

The insects considered imtier this group include 
some members of the orders Diplcra, Hymcnoplcra 
and I so pt era. They destroy one part or the otlicr of 
trees which they infest ; a few arc indirectly harmful 
and some are benelicial to trees. Blood-sucking 
Dipt era cause annoyance to human beings and 
animals in forests and transmit diseases. Some Dip- 
tera and Hynicuoptera parasitise insect pests in egg, 
larval or other stages and thus play an im|M)rtant role 
in |)est control. 

The itonidid gall midges (Order Dipt era, family 


Cecidomyidae) are known to produce galls. Flies 
belonging to Taehiuidae parasitise several insect pests 
of trees ; eggs (larvae in the case of viviparous species) 
arc laid on leaves or in the host insect. 

The gall wasps (Order Hymeuoptera, family 
Cynipidae) cause leaf galls. Several families are para- 
sitic on other insects, including [lests of trees, and 
are useful for the biological control of pests ; the 
parasites are bred in the laboratory and relea.scd at 
the site of the epidemic. 'I'hc more important para- 
sitic families are the following: 

Braconid wasps (Bracotiidac) lay eggs either on or 
inside the host caterpillar and larvae feed cither 
externally as ectoparasites or internally as endo- 
parasites. Apafiteles macliaeralis Wlksn. is an endo- 
parasitc of the teak skcletoniser, Uapalia maehaeralis 
Wlk. : Cedria paradoxa Wlksn. normally parasitises 
the pyralid host, Margarotiia pyloalis Wlk., hut can 
he bred on several other pyralids including the teak 
skeletoniser for the control of which it can l)e 
adopted. 

Both eggs and larvae of the chalcid wasps (i'hal- 
cididae) are endoparasitic. Hraehymcria hearseyi 
Kirh. parasitises the pupae of tooti and mahogany 
shoot borer, Hypsipyla rohusta Moore. B. tachardiae 
Cam. parasitises the pupae of certain moths, inclu- 
ding several pests of trees. 

Ichneumon wtisps (fehtwaviotiidae) are mostly use 
fill as parasites. The mode of ovi|>osiiion and para- 
sitisation is similar to that in Braconidae. Dioctes 
argeuteopilosa Cam. parasitises the caterpillars of the 
leak skeletoniser and several other moths. Rhyssa 
persuasoria himalayvnsis Riley parasitises the wood 
wasp. Sirex wiperialis Kirh., in the Himalayas. 

Triehogramma evanesceus winutimi Riley (Family 
Triehogrammatidae) is an egg parasite widely used 
for the control of sugarcane borers, cotton bollworms, 
leak defoliators and jiests of tea and lac. Tricho- 
gramniatoidea uaua Zehn. is an egg |)arasite of moths 
of Noctuidae, Pyralidac and Tineidae. 

Other families of parasitic Hymeaoptera are: 
Bethylidae, FAasmidac, Encyrtidae, iudophidae, 
Microgasteridae, Perilawpidae, Pterowalidae and 
Scelidotiidae. 

Some termites (Isoptera) are pests of living trees : 
others attack dead or dying trees and seedlings in 
nurseries ; many destroy decaying wood matter and 
.serve a useful role in building up stiil and humus in 
forests. As dry wtkkI pests they are a serious menace 
to stored limber in depots, furniture and fittings, 
books and other cellulosic material. 
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Cr^ptotcrmcs domcsticus Hoi mg. (Kttloiermitidae) 
is a common [)est ol‘ dry wood in houses. Several 
species of the genus Clyptotermcs nesr in living trees, 
such as casuarina and toon. 

Coptotcrmes htitui (Was.) (Rhumtcrmitidac) 
commonly attacks woodwork in dwellings. C. ccylo- 
fiicus Holing, infests living tea and rubber plants in 
South India and Ceylon, while an allied species, C. 
L'urvignathiis Holing., is a serious pest of rubber 
[)lant in Malaya and Indonesia, llctcrotvnucs hidi- 
cola (Was.) attacks woodwork in dwellings. 

The common mound-building termites in India 
are: Odonlotcrmcs {Cyvlotcrmcs) ohestts Ramb. in 
North India and (). (Cyclotcnncs) redemanni (Was.) 
in Kast and South Inclia : they are not serious pests ol 
trees. O. [eae (Was.) is a large species which common- 
ly attacks timber in buildings. O. parvidvns Holing. 
& Holing., though usually not a serious pest, has 
recently been reported to attack teak frees, causing 
death by eating away the bark and the cambium. 

Protective measures against termites arc varied. 
Nests and colonies are destroye<l. Wooden boards 
used at the edges of seed beds are creosoted to prevent 
the approach of termites. Oil cakes of castor, karan- 
ja {Pongamia sp.), mohwa (Madhuka sp.) and neem, 
which are of manurial value, have a limited deter 
rent ellect on termites. Prompt transplanting of 
nursery seedlings in fields jirevents termite attack of 
roots and rootlets. Stumps and root-pruned trans- 
|)lnnts may be dipped in 5% lead arsenate solution 
or an aijueous mixture containing 2”. Paris green 
and lime. Sowing on ash beds is recommended 
and nursery beds are watered in the dry season with 
a weak emulsion containing crude oil or fish oil, or a 
weak decoction of tobacco : in the wet season, when 
the soil is moist, beds are dusted with dry soil or sand 
or ashes mixed with small (|uaniitics of Paris green 
or white arsenic : slow-acting fumigants, like p- or 
fMlichlorobenzene. may also be used as detergents to 
termites. Repeated digging and turning of soil at 
short intervals are preferred. Red ants also destniy 
termites. 'Iransplanted stumjis and cuttings may be 
protected against termites by watering with \Wak 
crude oil emulsion, sodium arsenite solution or lead 
arsenite solution. 

Paris green is effective in the control of termites 
(Kfdotenuitidaf) affecting wood ; it may be blown 
into a hole drilled into the wood and the hole sealed. 
Direct protective methods are resorted to in the case 
of termites attacking plantations, isolated trees, and 
roadside and garden avenues. Protection of trees 


against termites which attack the bark is obtained by 
the application, at the base, of protective bands 
charged with lead arsenate. Regulation of overhead 
shade and thinning to prevent excessive growth also 
help in checking the attack . 

In the case of stored timbers, the floors of depots 
and yards should be kept dry and limber should be 
stacked on concrete supports, brick work, stone or 
iron rails, or creosoted wooden framework. Ade<|uate 
air circulation is essential. Only creosoted or other- 
wise treated timber can be left in contact with the 
ground. Wooden poles and posts treated with high- 
boiling coal tar creosote can withstand termite attack 
for 50-60 years, provided a minimum absorption of 
10 Ib. of creosote plus 5 lb. of fuel oil per cu. ft. 
of wood is ensured. Surface charring is not always 
effective as a protection against termites. 

PESrs OE STOKED AOKICUI. Il'KAI. PKODITII'S 

It has been computed that losses due to infestation 
of stored produce amoiiiu renighly to about 10% of 
the total value of the harvested jiroduce. Kffective 
measures are necessary not only to check the access 
of pests to stored grains, but also to treat infested 
grains and prevent further loss. 

The pests of stored grains are usually beetles 
(Coleoptera) and moths (f^cpidoptem). 'The former 
cause damage both as adults and larvae, while moths 
feed only in their caterpillar stage. 

One of the most serious [k\sIs of grain is the rice 
weevil, Sitophilus oryzac Linn., which attacks rice, 
wheat, maize, jowar, etc. A single grub can hollow 
out a wdiole grain and as there are five generations in 
a year in warm countries, the damage caused is 
enormous. Another beetle pe.st is the khapra beetle, 
Trngodrrw/i graiuirium Kveris, the grub of which 
attacks the embryo of the grain. The lesser grain 
borer, Rliizopvrlha dominicaV iihv., attacks almost all 
grains and even dried potato ; it is particularly des- 
iruciive under moist conditions. Among the other 
beetle pests, mention may be made of the rust-red 
flour beetle, Tribolium aistanvum (Herbst.), T. coii- 
fusiim (Duv.), Oryzaephilus surinamensis Linn., 
Latheticus oryzac Walerh. and Lavmophlocus mhw 
tus Oliv., which attack damaged grains and flour and 
cause much loss. 

I’he pulse beetles infest almost all pulse grains. 
Brtichus chincusis Linn, and B. analis Fabr. damage 
red gram, gram, horse gram, pea, cow pea, etc., while 
Bruchus phaseoli Gyll. is a j)est of field bean (Dolicbos 
lahlab Linn.) both in the field and in the store. 
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Callosohruchus fmculatus Fabr. is a pest of cow pea. 
The tamarind seed beetle, Pachymerus ^onagra Fabr., 
breeds on stored tamarind seed. 

Among the miscellaneous pests of stored produce, 
the drug store beetle, Stegobium panicei 4 m Linn., 
attacks coriander, cumin seed and dried turmeric in 
stores, while the cigarette beetle, Lasioderma serrv 
come Fabr., is a specific pest of tobacco products, drv 
chillies, pepper, dried ginger, ganja and opium cakes. 
The copra beetle, Necrobia rufipcs dcG., attacks fish 
manure, copra, oilseed cakes and cured meat. 

The Angoumois grain moth, Sitotroga ccrcalella 
Oliv., is a pest of stored paddy, wheat and jowar and 
wheat flour. The rice moth. Corcyra cephalonica 
Staint., infests stored rice and other cereals, broken 
pulses and groundnut seed, and lives under cover in 
galleries. The Indian meal moth, Plodia intcrpunctelbi 
Hiibn., also lives in galleries among cereals, nuts, 
dried fruits and broken cashewnuls. The almond 
moth, Ephestui cautcUa Wlk., has similar habits and 
attacks dry fruits, groundnut cake and oilseeds. An 
allied species, E. elulclla Hiibn., is a serious pest of 
stored tobacco leaf in Atnerica and in the Mediter- 
ranean area, hut so far it has not been recorded in 
India ; its entry is sought to be prevented by the 
enforcement of f|uarantine legislation. 

Harvested groundnut pods and til plants heaped 
on threshing yards are liable to infestation by a 
lygaeid bug, Aphanus sordidus Fabr. A scale insect, 
Aspidiotus hartii Ckll., breeds in stored rhizomes of 
turmeric. A tingid bug, Recaredus rex Dist., and a 
mealy bug, Pseudococcus corymbatus Gr., are often 
found breeding in potato tubers under storage. The 
most serious pest of potato tubers in storage, how- 
ever, is the potato moth. Gnorimoscheviu oprrculellu 
Zell. White ants often attack jute hag containers of 
grain in stores. 

Perfect cleanliness of grain or other agriculture 
produce is an essential rc(|uircmeni for the con- 
trol of pests. The grains should he thoroughly dried 
in the sun and as far as possible dry conditions 
must be maintained in storage godowns. The con- 
tainers must be clean and completely closed up. 
Storage rooms must be well ventilated and cleaned. 
In case of infestation developing, futnigation is 
necessary. 

INSECri' VECTOR.S OF PLANT VIRUSES 

Viruses are pathogens or disease-producing agents 
much smaller in size (2(K>^i or less) than the ininutesi 
bacteria. They are known and understood by reference 


to their hosts or the symptoms they produce, such 
as tobacco, potato, tomato, bean, sugarcane and other 
mosaics ; peach, aster and other yellows ; curly top of 
sugar beet : spotted wilt of tomato ; swollen shoot of 
cacao : streak of maize : and club leaf of clover. 'Fhey 
arc the causative agents of small[X)x, measles, mumps, 
influenza and rabies in man, and distemper, swine- 
fever and foot-and-mouth disea.se in animals. Viruses 
are not inactivated by pesticidal chemicals, but some 
arc affected by alcohol and other chemicals and by 
hear. 

In nature, the major mode of transmission of plant 
viruses from an infected to a healthy host is un- 
doubtedly through in.sect vectors. The vectors for all 
viruses are not known, hut most of the known vectors 
belong to the order Homoplera, e.g. plant lice or 
apbids (Aphididae), leaf hoppers (Jassidae), white 
flies (Aleurodidae), frog hop|K*rs {i'.oreopidac) and 
mealy bugs (Coccidae) \ aphids act as vectors of the 
mosaic group of viruses : leaf hoppers transmit the 
yellow group f)f viruses. Insect vectors belonging to 
other orders are: thrips {Thysanoptera), grassln)ppers 
(Orthoptera), beetles (Coleoptera) and earwigs 
(Derma ptera). 

The number of viruses transmitted by insects with 
biting or chewing mouth parts is small and includes 
scpiash mosaic, cow pea mosaic and turnip yellow 
mosaic. Fxperimentally, the dodder group of parasitic 
flowering plants has been u.sed to conserve and 
transmit viruses because of their habit of living in 
organic union with their host jdants, into the stems 
and leaves of which they send haustoria. 

Some insect vectors may transmit several viruses, 
while some viru.ses may he transmitted by several 
insect vectors. The aphid, Myzus persicae (Sulz.). is 
known to transmit 25 diflerent viruses, while aster 
yellows and onion yellow dwarf viruses have been 
shown to be transmitted by 22 species of leaf hoppers 
and 50 species of aphids respectively. Some viruses, 
like maize streak and Fiji disease of sugarcane, are 
each transmitted by only one insect species, while 
some in.scct vectors, such as the Colorado beetle. 
Leptinotarsa decemlineaia (Say), and the jassid, 
Kmpoasca devastans Dist., can each transmit <mly 
one virus. It al.so happens that an insect may transmit 
one strain of a virus, but nor another of the same 
virus. 

Although mechanical transmission of viru.ses by 
insects, birds and other agencies alighting on infected 
plants and thence moving on to healthy plants, may 
occur, an in.sect must feed upon a virus-infected plant 
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before it can function as a vector. Some virus infec- 
tions may be picked up cjuickly by appropriate vectors, 
bur some others can be actpiired only by prolonged 
feeding. Infections which arc picked up ([uickly arc 
usually also lost quickly, but those, which are acquired 
after prolonged feeding, persist in the vector for long 
periods. The sugar beet mosaic virus is picked up 
and transmitted by its aphid vector, Aphis rumicis 
Linn., in about ten minutes of feeding on tliseascd 
plants, but the capacity to transmit the virus is also 
lost if the aphid feeds on healthy plants a few times. 
On the other hand, the aphid, Myzus persicae (Sulz.), 
is able to transmit the potato leaf roll virus only after 
a lapse of at least 24 hours after feeding. It appears 
that sometimes it is the virus that determines how 
([uickly a vector would become infective and bow 
long it would remain so : and sometimes it is the 
vector that plays the determining role. While some 
viruses require an incubation period, to undergo some 
transformation or merely to multiply in the body of 
the insect vector, to enable the vector to become in- 
fective, others do not. There is good evidence for the 
multiplication of infection in the body of the vector 
but there is not much evidence for transformation, 
except in the direction of greater virulence, which 
may itself be the result of multiplication. Aster 
yellows and clover club leaf viruses arc known to 
multiply in the body of their insect vectors. It has 
been stated in the case of tobacco mosaic virus that 
the fact that tobacco mosaic virus is infective at dilu- 
tions of 1 : 1,000,000 and that the juice from the 
inoculated plants can again be diluted to the same 
degree shows that there has been approxitnately a 
million-fold multiplication. 

While most vectors of plant viruses are sucking 
insects, all .sucking in.sccts are by no means vectors. 
Apart from the fact that closely allied species of 
sucking insects, even belonging to the .same genus, 
may not necessarily transmit the same virus, there 
may be strains or races in an insect sj>ecies which 
may be incapable of transmitting a virus from an 
infected host plant, even though they may feed upon 
it, as happens in the case of the ja.ssid, Cicadulimi 
mhila (Naiide), the vector of the maize streak disea.se : 
.some races of this jassid have been bred which can 
pick up the virus but cannot normally transmit it. 
While viru.ses are picked up by most insect vectors in 
their adult stage, the .spotted wilt virus of tomato can 
be first aetjuired only by the larvae of the thrips 
which transmit it, rhe adult becoming infective only 
if it has grown out of an infective larva. Congenital 


transmission of some viruses from one generation of 
its insect vector to another is also known as in the 
case of the leaf hopper, Agalliopsis novella Say, in 
which the clover club leaf virus was passed through 
21 generations over a period of five years without 
further recourse to a source of virus, the original 
virus-bearing female being mated to a virus-free male 
five years previously. The virus infection in the case 
of the jassids, Nephotettix apicalis var. cincticeps Uhl 
and Dcltoccphalus dorsalis Motsch., which are the 
vectors of the rice dwarf virus, can pass through the 
eggs of the infective female insect so that the emerg- 
ing nymphs are viruliferous. 

There is no visible difference between an insect 
which has actpiired a virus infection and another 
insect of the same species and age which has not. 
It has been shown that the ‘inactive’ races of C. mhila 
can become ‘active’ if the intestine of the insect is 
punctured with a sterili.scd needle, thereby allowing 
the virus, already accpiircd, to travel into the blood 
stream. This has led to the presumption that the 
lining cells of the intestine in the ‘inactive’ insect 
re.sist the passage of the virus, while those in the 
‘active’ in.sect do not. Finally it may be notetl that 
the relationship between a virus and its insect vector 
and the processes and the conditions under which the 
latter picks up and transmits the virus are higlily 
complex and our knowledge of the subject is far 
from complete. 

PK.ST.S OK CAI’lLE ANO OHIEK DOME.SIU: ANIMAI..S 

Cattle and other domestic animals like sheep, 
horses and poultry aie subject to the attacks of 
various insect pests, which not only cause direct 
injury and annoyance to the animal hosts they attack, 
but arc also responsible for causing diseases and func- 
tional troubles in them. The more important pests 
of domestic animals, e.g. horseflies, botflies, biting 
flies, flesh maggots, fleas, lice and bird lice, belong 
to certain groups of insects particularly adapted for 
a parasitic life on warm blooded animals. Cattle 
grazing in forest areas are often subject to attacks 
of bees, wasps, blister beetles and spiny and hairy 
caterpillars. 

In.sect pests cause loss of condition in milch and 
work cattle with serious economic implications. In 
an agricultural country like India, where over 60% 
of the national income is dependent on the cattle 
industry and other allied pursuits, the well being of 
livestock is a matter of utmost im[K)rtance. Consider- 
able mortality among cattle and other livestock is 



PESTS OF CATTLE AND OTHER DOMESTIC ANIMALS 

1. Grey gedfly {Tabanus striatu.%) ( v 3) 2»Ijometly (Hifipohvsca rnarulata) ( ■ 4) 3. Ox bot or warblrfly /inra/um) ( > J) 4. Scablefly i.V/omoxvT ra/« i 

trans) (x^ 5. Flcshfly {Sarcophaga UnealicoHis) ( X2I) 6. Sendfly {Phhhotomus argentipfs). female ^ ^ 15) 7. Fowl louac (AUnopun pallidum) ( a 1H) 8. Cattle 
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clue to diseases of viral, bacterial, protozoal and 
helminthic origin. In live animals, insect pests 
inflict a variety of suffering, such as defective growth, 
decrease of vigour, low capacity for reproduction, 
less production of milk, meal, egg and wool and less 
work. Affected animals are susceptible to many in- 
fectious diseases. Hides and skins of dead or slaughter- 
ed animals damaged by warbleflies, ticks, etc. fetch 
much lower prices. 

Among the fly |x*sts [lYiptcm) of catile, the gad- 
flies (Tahanidac), louseflies (Hippohosciihc), bot- 
flies {Oestridae), flesli maggots {Sarci)phagidae\ biting 
flies {Miiscidm^ and m()S(|uitocs (Culicidac) arc im- 
j)ortant. Some are pests only in the adult stage, while 
others only in the larval or maggot stages. Insect 
pests, such as mos(|uitoes, sandflies, blackflies, lice 
and flea.s, are pests common to domestic animals and 
buinan beings. 

Gadflies (Family Tabnnuhu*) are strongly built 
active flies ; the males possess large eyes and feed on 
the nectar of flowers, whereas the females are parasitic 
on cattle and at times also attack man. Fggs are usual- 
ly attached to acpiatic plants in masses of kx) or more, 
and the larvae develop in moist soil. 'Die commonest 
forms arc the greyfly, T(d)anus striatus Fabr., and 
the banded winged species, Chrysops dispar Fabr., 
generally found hovering about cattle yards, stables 
and grazing grounds. They frequently visit the host 
and suck blood. The horsefly, Tabanus rubidus 
Wied., is reported to transmit surra disease in horses, 
mules, cattle and camels. In forests and hills, Hanna- 
tnpota and Corizonetira spp. are reported to be 
serious pests. The liairy forms with remarkably long 
and pointed proboscides, as in Corizoneura tapro- 
bancs Wlk., are parasitic on wild animals. Hannatn- 
pota montana Ricardo is known to attack man. 
Destruction of egg masses and spraying of fly- 
repellent mixtures have proved effective as control 
measures. 

Louseflies (Family Hippobosddac) are leathery, 
flattened forms, with wings and strong claws on legs 
which enable them to remain clinging to the skins of 
host animals. Adult flies suck blood. The female insect 
deposits fairly mature larvae, instead of eggs, and 
they change into short roundish pupae from which 
the flies emerge. The common species that attack 
cattle, dogs and horses arc Hippobosca maadata 
Leach and //. capensis Olf. A degenerate w'ingicss fly. 
the sheep tick, Melophagus ovimis (Linn.), is known 
to attack sheep in different parts of India. Preventive 
measures, like avoiding over-irrigation, oiling td' 


stagnant pools, keeping the animals in stables during 
the day and covering them with protective blankets 
or nets in the night or spraying them with fly- 
repellent mixtures, help to check the spread and 
attack of the pests. Dipping or spraying sheep with 
powders or einulsifiable formulations of DlXf and 
Chlordane is effective. 

Botflies (Family Ocslridac) are sombre coloured 
flies with heavy body, large head and rudimentary 
mouth parts, 'fheir life histories are admirably adapt- 
ed to their peculiar parasitic habits. In India, the horse 
botfly, Castcropliilus intcstinalis (cejui) dcG.. the 
sheep hot. Oestrus avis lann.. and the ox hot or warble- 
fly, Uypoderma lineal uni l)e Vill., are serious pests. 

rile larvae, of the horse botfly feed on mucus secre- 
tions and cause digestive troubles in the host. 
G. intcstinalis def^ is common in North India. 
Regular and thorough grooming to remove eggs from 
hair helps to check infestation and improve the 
general health of the animal. 

The larvae of sheep hot, which hatch out from 
the eggs laid in the nasal chambers of sheep, make 
their way into other chambers of the bead, causing 
great annoyance and trouble to the host. Consider 
able damage to wool has also been recorded. The 
maggots either crawl otit or arc ex|x»Iled as a 
result of sneezing with mucus discharge and pupate 
in the soil. Darkened shelters for sheep during 
the months when flies are active afford protection 
from infestation. Application of pine tar in the 
nostrils prevents larvae from attachment : Injection 
of one fluid ounce of 3% saponified cresol into each 
nostril is reported to provide an effective control 
measure against maggots which have become 
established. 

The eggs of the warblefly. common in N<»rth 
India, attach themselves to the body of the host, 
and young larvae, hatching out, develop into fleshy 
maggots which cause a characteristic swelling with 
inflammation on the skin of the host : the larvae 
pierce through and come out when they are ready 
for pupation. Oxen, goats and cows attacked by 
warbleflies readily lose condition and become un- 
healthy. Milk production is considerably reduced, 
garbled hides do not command good prices. Other 
animals, like camel, buffalo, deer, rhinoceros and 
even elephant, are occasionally attacked by the 
warblefly. The elephant hot. Cobboldia elephantis 
Steel, has been recorded from Anamalai hills in South 
India. Dusting tumours with derris soap, washing 
with tobacco-lime, and keeping hairs on legs clean 
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and dry during the egg-laying season of the fly, 
help to a great extent in checking the pest. 

Bhie-hottle (Family Calliphoridae) are common 
Hies of blue or green hue, whose larvae are found on 
ex[K)sed flesh, wounds and sores of cattle. During 
heavy infestation the maggots cause cutaneous 
diseases. Sometimes, exposed or neglected wounds in 
man are also infested. A common blue-bottle fly with 
red cheeks, P\cnasonia jiaviceps Maetp, usually found 
on night soil or in the vicinity of slaugher houses, is 
closely allied to the green-bottle fly, LucUia argyro- 
cephata Mac(]. (syn. L. sereuissinui WIk.), a common 
South Indian form. This fly infests cattle, lays eggs in 
wool soiled by urine and dung, and the maggots 
invade healthy tissues and cause inflammation. 
Proper care of animals, dehorning, and application of 
saturated K.Q.335 emulsion to affected areas afford 
checks against the fly attack. 

The fleshfly, Sarcophaga lineaticollis Maetp 
(Family Sarcopliagidac), common in South India, is 
also found with hlue-hottles and is closely allied to 
the housefly in general appearance and si/.e, hut 
differs from the latter in possessing mouth parts 
adapted to piercing the skin and sucking the blood, 
ft is commonly found in stables and cow sheds, and 
is widely distributed. The stahlefly, Stomoxys caUh 
tnnis lann. (Family Mmci(l(w\ with a distinct- 
ly pointed piercing proboscis, is parasitic on horses, 
mules, camels and other domestic animals, and is 
reported to transmit diseases like surra and rinder- 
pest. The milk yield of affected animals is consider- 
ably reduced and animals become weak and drowsy : 
they find it difricult to stay on their feet. The fly 
passes through its early stages in manure dumps 
and moist situations. Other flies commonly found 
along with stahlefly and recorded as pests are Lypero- 
sia cxigua Mej. and Philacmatomyia emssirostris 
(Stein) (P. hisignis Austen), both belonging to the 
family Muscidav. Keeping horses in screened stables 
at night and spraying fly-repellent mixtures contain- 
ing DDT or BHC are effective in controlling the flics. 

Mosquitoes (Family Ciilicid(U’) of different kinds 
are among the recorded |)ests of cattle. Culcx fatigam 
Wied. (Hindi — Mach liar ; Bknc;. — Mosha) sucks the 
blood of almost all animals and is responsible for the 
transmission of malaria in birds. Acdcs (Stegomyia) 
aegypti I .inn. transmits fowl malaria and fowl pox: 
it causes encephalomyelitis in horses. Mosquitoes can 
be controlled by eradicating larvae and pupae in their 
breeding places by the application of crude oil and 
Paris green and by destroying adults with DDT spray. 


Sandflies {Phlchatomus papatasii Scop, and P. 
argentipes Ann. & Brim.) (Family Psychodidae) suck 
blood of all animals ; as such they arc a nuisance. 
They are not known to be vectors of any diseases of 
animals. 

Blackflies (Swndium indictnn Bech., family 
Simidiidac) are blood-sucking insects, known to 
transmit onchocerciasis of cattle and Jeucocytozoon 
of poultry. As control measures, breeding places in 
running streams should be kept free from debris ; 
spraying of DDT is effective. 

Bird lice (Order Mallophaga) are non-blood-siicking 
wingless insects with mouth parts adapted for cutting, 
biting and scratching skin, feathers and body scales 
of birds, on which they remain as pests. 'They have 
a hard and horny body, somewhat flattened, and are 
found clinging to hairs and feathers of the host. A 
few species have also been recorded as attacking 
mammals, like sheep, dogs and horses. The life cycle 
of the parasite is usually spent on the host animal. 
The common fowl louse, Mcnopon pallidum Nit/.., 
is widely distributed ; it infests birds and causes loss 
of condition, l^usring of sodium fluoride or 1)1 Xf 
affords effective protection against bird lite. 

Blood-sucking lice and fleas (Orders Anoplura and 
Siplionaptcra) affect not only cattle and other mam- 
mals like dog, hog, pig and camel, but also man. 
The cattle lou.se, Hacmatoplnus tuhcrculatus Nitz. 
Gieb., is commonly found inside ear lobes and other 
unprotected parts of buffaloes and oxen, and is known 
to transmit the surra diseases of cattle. The pig louse. 
H. suis Linn., is parasitic on pigs and the ox louse, 
Linognathus vituli (Lum.), sucks the blood of cattle. 
The sheep ked, Bovicola ovis (lann.), which is para- 
sitic on sheep, causes serious damage to wool. Spray- 
ing the animal with DDT mixtures and dusting or 
dipping in arsenical solutions jirovide protection 
against these lice. 

Fleas (Order Siphouaptcra) are small wingless 
insects with laterally compressed, hairy bodies and 
stout hind legs adapted for leaping : mouth parts are 
suited for piercing and sucking blood from warm- 
blooded animals. The rat flea, Xenopsylla clieopis 
Roth. (Family Pulicidac), is parasitic on rat and 
transmits bubonic plague from rat to man. The cat 
flea, Ctenoccphalus felis Bouchc, and the dog flea, 
C. cams Curt., which arc parasitic on cats, dogs 
and cattle, are responsible for causing haemorrhagii 
septicaemia and anthrax diseases. The dog flea serves 
also as a larval host for the common dog tape worm. 
The hen flea. Echidna phaga gallinacms Westu 
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(Family Sarcopsyllidac), parasitises fowls, especially 
on the heads ; it sometimes attacks man also. For the 
control of fleas, the sources of infestation, namely 
cats, dogs and other animals should he kept clean and 
properly cared for. Infested rats should he destroyed. 
Periodical dusting of carpets, matting, etc., and 
thorough washing of flea-haunted rooms with sanitary 
fluids effectively check their spread and multiplica- 
tion. Use of flake naphthalene and strong tar soap and 
spraying of DDT, creosote oil or kerosene oil are also 
helpful in checking fleas. 

PKSTS OK HUMAN Hi:iN(;s 

Insect pests of human heings are reported to he 
directly or indirectly responsible for about half the 
number of deaths in India. According to the statis- 
tics for 1950, the deaths due to malaria and other 
fevers were 53.55%' while deaths due to cholera, 
|)lague, dysentery and respiratory causes were 14//,. 
Malaria alone was, till recently, res|>onsihle lor about 
one million deaths every year : it is now on the verge 
of being stamped out. Advances in public health 
measures have demonstrated that this colossal loss of 
human life is preventiblc. 

The pests may be grouped into household and 
outdoor nuisance |H*sts and pests which are res- 
ponsihle for the mechanical transmission of com- 
municable diseases. 

Household Nuisonce Pesis 

Silveiiish (Order Tliysdfiura, family f.e[)isti!ali- 
dae) are small wingless insects with their mouth 
parts better suited for scraping than for chewing ; 
they move with great rapidity and thrive best in 
dark, moist places, shunning light and dry and well- 
ventilated places, 'rhey feed on carbohydrates, such 
as starch and dextrin, and also on substances contain- 
ing protein, such as glue, gum, etc. and sometimes 
cause great damage to glazed paper, hooks and photo- 
graphs. They may also damage fabrics of cotton, 
linen and artificial silk. Lepisma saecharma Linn., 
which occurs in India, is about 1/3 inch long, with 
the body tai)critig from head to tail and clothed with 
glistening silvery scales. The female lays eggs in 
crevices and other concealed places, which hatch into 
dny young ones, resembling the parent except in 
size and attaining maturity in about 9 months. 

Cleanliness and good ventilation of the house keep 
the pest in check : 5% DDT solution or emulsion 
or 10% DDT dust applied iit hook cases and on 
clothing, respectively, will effectively control silver- 


lish. 2o''o Chlordaiie is also a highly effective poison 
for them. 

Cockroaches (Order Blatlaria, family Hlattidac, 
e.g. Pcriphnicta amcricami Linn., P. auslrtdasuw Fabr. 
and Blatella germauka Linn.) arc probably the 
most common househoUl pests in the world. They 
prefer warm dark corners in godowns, kitchens, 
bathrooms, crevices in furniture and other wotnl 
work. They are rarely seen during the day, except 
when disturbed, and are generally dark brown in 
colour and variable in size. They emit a distinctive 
odour and infestation is often revealed by this 
odour on food, crockery and other utensils over 
which they have walked. The eggs are laid encased 
in a horny capsule and nymphs, hatching out of 
them, closely resemble the adults. After a succession 
of moults, the adult cockroaches, sexuallv mature, 
emerge. 

Cockroaches are omnivorous and feed on every type 
of food for human consumption. In addition to 
draining food supplies, they act as potential vectors 
of diseases because of their loathsome habit of crawl- 
ing on filth and foodstuffs alike. Scrupulous cleanli- 
ness and general tidying u[> of nooks and crevices 
in furniture help to keep down the roach population. 
Chlordane 2';,, emulsion or 5'*,, dust applied ituo 
cracks and other hiding places usually remains effec- 
tive for several weeks. 5-10'n DD’f dust also gives 
satisfactory control. 3",, Malathion solution or emul- 
sion is effective against resistant roaches but its effect 
is less [)ersistent. 

Two species of crickets (Order Orthopft'ra, family 
Gryllidae), viz. Aehcln ((hyllu/Ns) donicsiica Linn, 
and Gryllodes' (f#rv/////u>) sigillatus Wlk., are common 
in Imlia ; the former, known as the Kuropeau 
house cricket, is also capable of damaging ciilti- 
vaied crops : the latter is chiefly a hou.sehold species. 
They are omnivorous, hut especially attack woollen 
and artificial silk fabrics, damaging them rather 
badly. They also like starchy food, such as bread, 
cakes, biscuits, etc. During the day they remain 
hidden in cracks and crevices, behind hanging 
clothes, wall-papers atui pictures, and thrive best in 
damp and warm places. 'I'hey are specially aitivc 
during the rainy season. 

The female lays eggs in clusters : the nymphs 
hatching out are similar in general sha|>c to adults. 
They reach maturity in about 3 months. Both adults 
and the young do damage. 

Liberal sprinkling of naphthalene balls in tnmks 
and wardrobes saves clothes from their attack. 
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Chlordanc applied as 2% spray or 5% dust kee[)s them 
under control. 

Bt)ok lice ((^rder CorrodoUia e.g. Liposcellis 
trausvidlcnsis Knd.) or psocids arc tiny, soft-bodied, 
pale yellow or greyish white, wingless insects less 
than 1/12 inch in length. They are called hook lice 
because they are frequently found among pages of 
old hooks and are louse-like in appearance, 'liiey feed 
on tiny moulds which arc often found in damp, un- 
disturbed places, on old hooks and insect collections, 
which psocids are apt to destroy. They prefer dark 
attd damp places and arc usually plentiful in old, 
damp, mouldy volumes of hooks lying undisturhed 
in dark, dirty corners of rooms and libraries. Little 
is known about the life-history ; the female lays 
white, oval, microscopic eggs ; the young that hatch 
out arc similar to adults in appearance. 

Thorough house cleaning, sunning, airing and 
drying of rooms and hooks keep the pest in check ; 
fumigation and incorporation of poisons in the bind- 
ing |)aste or oti covers and hacks of hooks keep them 
free from psocids. Residual sprays, such as oil base 
2% Chlordanc or 5*’;, DDT, are very useful. 

Termites or white ants (Order fsoplcra, family 
Rhinoterwitidae) are ant-like in appearance and 
like ants live in large colonics made up of ilifler- 
ent castes, namely workers, soldiers and repro- 
ductive forms. The workers and soldiers arc 
wingless. The damage is caused solely hy workers. 
Coptotenues ctylonicus Holing., (I hcivii (Was.) and 
llvtcrolcnucs iudiada (Was.) are the main species 
which cause damage to wood work, furniture, hooks 
and other lioii.sehold effects in buildings. They form 
their nests underground and in logs or fairly damj) 
wood work of buildings. When fully established, it 
is dillicult to eradicate these insects. The lirsl step 
at their control should he to break contact between 
their nests and the wood work in buildings hy destroy- 
ing the shelter tubes through which workers move 
to and fro. Application of DDT, BH(^ or Aldrin, 
in the form of spray or dust, into their underground 
nests helps to control the termites, hut complete 
control is possible only if the ‘Queen’ is destroyed 
either hy the conveyance of insecticide particles hy 
workers or soldiers to the (pieen or hy the workers 
feeding the reproductive forms with poisoned food 
or hy the destruction of their food reserves. 

Bedbugs (Cimex Icctidarius Linn, and C. rotundatus 
Sign. : Hinoi — Kluittfial ; Tam. — Mootai ; order Uete- 
roptcra ; family Ciuticidac) are nocturnal household 
pests of dark brown colour, wingless, with a Hat oval 


body, 6 8 mm. long and 3-4 mm. broad, inhabit- 
ing narrow crevices and hideouts where they retire 
during the day. The mouth parts are adapted for 
piercing and sucking. Both sexes are blood-suckers 
and prefer human hlood, though they also readily 
feed on a number of other mammals and birds. A 
characteristic nau.seating odour, due to a secretion 
from the stink glands, is associated with the bedbug. 

During its life time of 3-10 months, an adult 
female lays about 200 eggs cemented to the material 
on which it rests during day time. Nymphs hatching 
out resemble the adult in general appearance and 
become adults is 2-8 weeks. The adults can live 
for long [X'riods, even months, without food, hut 
they feed actively when in contact with a warm- 
blooded animal. 

Though not directly involved in the transmission 
of any disease, they cause considerable annoyance 
and loss of vitality in the host due to their vicious 
bites and voracious blood sucking habits. Some in- 
dividuals are highly allergic to hug bite and may 
develop extensive skin rashes. 

As control measures, beds should he disinfected in 
the sun with applications of insecticidal sprays : 
application of boiling water to joints of furniture 
is fairly elfective. Residual insecticides, such as DDT, 
BHC, Dieldrin, Malathion and Diazinon, es|K*cially 
in an oily base, afford ade(|uate control. 

Clothes moths (Order l.cpidoptrm, family Tinci- 
due) are some of the smallest and oldest known 
household pests. The damage is caused only hy their 
larval stages. Four species commonly occur in India, 
viz. Thwa pidlionclln (Linn.) or case hearing moth. 
Titwnla hissclliclla (Hummel) or webbing clothes 
moth. Trichophaga ahruptclla Woolas, or tapestry 
moth and Horkhattsmia pscudosprciclla Staint. or 
false clothes moth. The case hearing moth is greyish- 
yellow in colour with inconspicuous dark spots on 
fore-wings ; hind wiiigs are silky and whitish. The 
larva lives inside a flattened tightly woven silky 
cocoon and feeds on ftirs, feathers, woollens, carpets, 
rugs, stulTed birds, clothes, and stuffings and coverings 
of upholstered furniture. 'Fhe female lays pearly 
white eggs singly or in groups, either loosely upon 01 
between folds of fabrics and at bases of hairs in furs 
and skins. Eggs hatch in a week’s time. The newly 
hatched caterpillar is whitish in colour and imme 
diately starts making a silken case for itself, in which 
it moves about with its head and legs protruding. 
The larva pupates within its case aiwl the moth 
emerges in a week’s time in summer and in about a 
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month in winter. The webbing clothes moth is 
uniformly pale in colour with unsi>otted wings. The 
habits of, and nature of damage by, the larva are 
almost similar to those of the preceding species; in this 
case, however, the larva moves about freely spinning 
silken threads at random and forming flimsy tube- 
like shelters in which it hides and sheds its skin. 
The full grown caterpillar is inch long and white 
in colour. It may take four years to reach the full 
grown stage. It pupates inside a dense silken cocoon, 
and the adult emerges in about a fortnight. The cater- 
pillars of tapestry moth generally feed on coarse and 
heavier fabrics like carpets, heavy blankets, tapestries, 
feltings, furs, skins, etc. They usually construct 
burrows or galleries lined with silk throughout the 
infested material, thus spoiling more than they actual- 
ly eat. The caterpillar is about 2/5 inch long, cylin- 
drical and yellowish dirty white in colour. 'Phe 
caterpillars of false clothes moth are omnivorous 
feeders causing damage not only to carpets and 
woollens, but also to food grains, flour, bindings of 
hooks, corks, etc. The full grown caterpillar is y inch 
long, shiny while in colour, sparsely clothed with 
yellowish hairs, and makes a dense silky cocoon in 
which it pupates. 

The control of these pests is obtained by tbe same 
methods as applied in the case of carpet beetles. 

("arpet beetles (Order Colcoptera, family Dcrmea- 
tidac) are common household |x*sts found in 
association with clothes moths. Two species, Afithre- 
tins vurax Waterh., the carpet beetle jxjpularly known 
as *woolly bear’, and Altagvuns picetts Oliv., popularly 
known as ‘black carpet beetle', are common in India, 
riic actual damage is done by their larvae and every 
type of woollen fabric or hair used in upholstery and 
in textiles and feathers, fir and silk is attacked by 
them. 

The adult beetle of Antlircnus vorax is oval, 

' « inch long, dark in colour, mottled white and 
black. The female lays whitish eggs in warm places 
under carpets, in feathers of cushions or pillows. The 
Miiy grubs hatching out of the eggs start feeding 
immediately. Fidl grown grub is about ^ inch long, 
brown in colour and covered with tufts of short, still 
hairs. It can withstand cold .md lack of food for long 
periods, even up to 10 months. Under favourable 
conditions, it pupates in two months’ time and 
after another fortnight the adult emerges from 
the pupa. 

The adults of Attagenus piccus are small, oval 
black beetles, 1/5 inch long. The larvae are .slender, 

28 


tapered, reddish brown grubs with a characteristic 
tuft of long hairs at the end of the abdomen. Its life 
history is almost similar to that of Atilhrenus vorax. 
The grubs damage rough textiles, eating small holes 
and fibres from their free ends : in the case of furs, 
the hairs arc eaten from their roots, thus causing 
them to fall in tufts. The grubs also feed on silk, 
dried animal remains and cereals and cereal products. 
The larval stage usually lasts for a year, but under 
adverse conditions it may last up to 3 years. 

In general it is easier atul cheaper to avoid infesta- 
tion than to eradicate it. Care and industry must 
be exercised in cleaning out corners and removing 
of dust from cracks atul crevices. Liberal use of 
naphthalene flakes either alone or in combination 
with paradichlorobenzenc affords protection to 
woollen g(K)ds ; fumigation of rooms with suitable 
fumigants, such as IICN or methyl bromide, may be 
resorted to, to rid carpets and upholstered furniture 
of these pests. Sprinkling of 10% DDT dust under 
carpets, etc. will also afford necc.ssary protection. 

Ants (Order Ilymenopicra, family Forviiddac, e.g. 
Mofiomorium gradllimum Smith, Myrmicaria brtin- 
fwa Saund., Solcnopsis geminata Fabr. and Cnmpono- 
tus contprcs.stts Fabr.) arc tenacious pests of man 
from the tropics to the upper temperate regions, 
'fhey have a most highly developed social system. 
Fach colony is made up of workers, the males or 
drones and the (pieen. 'I’hc workers, which are wing- 
less, are undeveloped females and do all tbe work 
of the colony. They feed the (jiieen and tbe helpless 
larvae. I'hey watch over the cocoons (often erroneou.s- 
ly called ‘ant eggs’), milk the ant-cows (aphids), 
fetch and carry other food, and keep the galleries 
and chambers of the colony clean. 'I'bc drones and 
the cpieens have wings, but in females they are 
lost after mating when either such females form 
a new colony or settle down in an old one. Fhe 
drones do not return to the colony after mating and 
soon die. 

'I1ie food habits of ants are varied. 'I’bey thrive on 
practically all types of food that man consumes. A 
number <)f species live in colonies outside, but 
frecjuently invade kitchens and stores. 'Fhey are not 
directly involved in the transmission of infectious 
diseases but can cause considerable pain and annoy- 
ance by biting and injecting formic acid. Certain 
species, like the Foie ant, inflict severe injury to man 
through their bite, .sometimes resulting in death. 

Rc.sidual insecticides, particularly Chlordane and 
Dieldrin, arc effective in ant control. Since most ants 
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h;ivc ()ut<io()r colonics, control measures should in- 
clude spraying of the colonies, places where they 
collect their f(KKl and points of entry into human 
dwellings. 

Wasps and hornets (Order Hymcnoptvra, family 
VcspiJdv) often occur in and around dwellings and 
may become a nuisance hecause of their habit of 
slinging when disiurhed. There are many species 
of wasps, two of which are important. PoJisics 
hcbracus Fabr., tbe common Indian yellow wasp, 
constructs papery nests moulded into bexagonal cells 
hanging vertically with the openings downwards, in 
and around dwellings in verandahs, eaves, ceilings 
or rafters, or in any convenieni s[^)f. Vespn oricntalis 
Fahr. is one of the common Indian hornets, reddish 
hrown with some yellow markings and is frecpiently 
found feeding on sweet substances in market places. 
It makes completely enclosed clay nests, indoors 
or outdoors. Both tbe above species are predaceous 
on other insects but are also avid feeders on sweet 
substances. Tbeir sting is very painful, and often 
poisonous. Their nests and the nest inmates may l)e 
destroyed hy the application of insecticidal sprays or 
hy burning tbem w'itb a flame-throw'cr, after dusk 
when the wasps are less active and most of them are 
in their nests. 

Outdoor Nuisance Pests 

Although a number of outdoor blood-sucking 
insects, such as simidids {Siniuliidae), ebrysops (Taba- 
nidae) and culicoides (Ceratopogonidae), have been 
incriminated as vectors of filarial infections in other 
countries, they are not of importaiue as carriers (»f 
diseases in India. 

Blackflies or buffalo gnats (Order Oipiera-Nemato- 
cera, family Shnullidae, e.g. Slmuliuni indicum Bech. 
and S, himalayensis Puri) are dark, small stout bodied 
hump-backed flies, wdth short hroad wdngs, and arc 
easily rec<ignised hy tbeir annulated antennae w'bicb 
project forward like a pair of horns. Fyes are large 
and close together in males, bur widely separated in 
females. Both sexes feed on nectar of flowers, but 
females also feed on blood, which is essential for tbe 
development of tbeir eggs, and are vicious biters. 
Unlike mo.s(|uitoes they bite only during the day. 
Fre(|uently their bites arc nor felt when first inflicted, 
but tbe poison introduced with bile often causes swel- 
ling and lesions which may remain sore for days. 

Simiilids breed in fast running streams, the larvae 
firmly sticking, by means of suckers, on rocks, 
branches of trees, vegetable debris and a(|uatic 


vegetation. Tbe larva, after six months, changes into 
a pupa inside a wall-packet like cocoon. The pupal 
stage lasts for about 4 days and the adults which 
emerge arc powerful fliers dispersing 6-12 miles from 
the brcctling places. 

DDT is toxic to simulid larvae and adults. For 
the control of larvae in a stream, 5 10% DDT in fuel 
oil is applied at the rate of o.i ppm for about 15 
minutes above the point where larvae are breeding. 
This dosage is sufficient to eliminate simulid larvae 
for several miles down stream. Lindane similarly 
applied at the rate of 0.2 ppm will also kill larvae 
and pupae. Re|)ellents like DMP and Rutgers 612 
afford considerable protection against the bites of 
the.se flics. 

f lorsef 1 ies (O rtlc r Di ptc ra-B racliy ce ra-Orl h o r- 
rhapha, family Tabanidac — e.g. Ctirysops spp.) arc 
moderate sized, robust flies with strong sucking mouth 
parts, and diurnal in habit. They are swdft and 
powerful fliers, persistent and aggressive in attack, 
and most abundant in swampy forest areas. Tbeir 
bite is painless but causes considerable irritation and 
local swxlling. Only the females are blood suckers. 
Fggs are laid in a compact mass on acpiatic' plants 
and other vegetation overhanging pools, swamps and 
other watery places, along the etlges of which the 
larvae breed under favourable conditions ; eggs batch 
out in 4-7 days. Tbe larvae feed voraciously on dead 
organic matter and migrate to a comparatively dry 
place to pupate. Adults emerge in about 2 weeks. 

Tbe application of DDT spray at 0.25-2 lb. per 
acre or Lindane at 0.5-1 lb. per acre results in 
appreciable reduction in the number of biting adults. 
Oil applied on stagnant pools kills adults and young 
larvae as they fall into the water from overhanging 
vegetation. No very .satisfactory control of these flies 
has yet been devised. Repellents provide a certain 
degree of j)rotection from the bites. 

Cidicoides (Order* Diptera-Ncniatocera, family 
Ceratopogonidae e.g. Ceratopogon sp.) are tiny 
flies, commonly called midges or gnats, some- 
times wrongly described as sandflies. Females are 
obligatory blood suckers and liite soon after sun.set, 
causing nettlc-likc pricks, sometimes resulting in 
intense burning and .severe itching. They are readily 
attracted to light. Eggs arc laid in large clusters on 
decaying vegetation in moist situations and swami>y 
waters. The larvae, which hatch out, swim about in 
a spirochaetc-like movement. Pupae closely resemble 
those of mosf|uilocs, and adult flies emerge in 5 7 
days. 
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FIG. 125. INSECr PESTS OF HUMAN BEINGS: l—HORSEFLY (CHRYSOPS SP.) (x 2 i) 2 — HOUSEFl.Y (MDSCA IKlMESllCA LINN.) ix 4 \) 
3-BLACKFLY (SIMULIUM INDICUM BECH.) (xS) 4~SANDFLY (Pill.EBOTOMUS PAPATASIl .SCOP.) (xl4) 5-PLAGUE FLEA (XENO- 
PSYLLA CHEOPIS ROTH.) (xH) ^HEAD LOUSE (PEDICULUS HUMANUS CAPITIS DEG.) (xl5) 7— BODY LOUSE (PEDICUIAJS HUMANUS 
CORPORIS DEG.) (x8) 8— CRAB OR PUBIC LOUSE (PHTHIRUS PUBIS LINN.) (xiO) 


Breeding of nilicoidcs is ratlier diflk ult to control. 
Tlie application of 1-2 lb. of DDT or Chlordane, or 

O. 5 lb. of Limlane or Dicldrin per acre reduces in- 
festation for a long time. Dimethyl phthalate (l)MP) 
or a combination of 6 DMP f 2 Rutgers 612-1-2 
Indolonc affords |)rotection against bites. 

Disease T ransmitters 

I /ice (Order Anoplura, family Redicululae 
i^edictilus spp.) are wingless, blood-sucking, dorso- 
ventrally flattened insects with mouth parts adapted 
lor piercing and sucking : legs are jirovided with 
strong claws which help in clinging to hair or cotton 
fibres ; females are generally larger than males. Kggs 
(nits) are laid glued to the hairs ; nymphs resemble 
the adult and moult thrice before growing to 
sexually mature adults. 

lace live in intimate contact with man, especially 
in overcrowded and insanitai*y conditions. Three 
common types infest man. viz. the body louse, Pedi- 
cttlus humanus corporis deC. : the bead lou.se, 

P. humamis capitis deO. : and the crab louse or the 
pubic louse, Phthirus pubis Linn. The body louse is 


responsible for the transmission of rickettsial organ- 
isms, Rickettsia proivazekii, causing epidemic typhus, 
R. quintana, producing trench fever, and a spiro- 
ebaete, Borrelia recurrentis, causing rela|>sing fever. 
IvOu.se infestation causes con.siderable itching, .scratch- 
ing and secondary infection, leading to rbickeniiig 
and pigmentation of .skin and matting of hair, 
described as vagabond's ilisease. 

Observance of hygienic conditions, avoidance of 
overcrowded places, bathing and laundering and 
ironing of clothes are effective methods of warding 
off lou.se infestation. Shaving and hurning of hair are 
useful in fighting large scale infestations in congested 
places, e.g. in prisons and concentration cam|)s. In- 
festation can also be controlled by applying pyre- 
thrum, derris, DD'I' or BMC" dust to the hair and 
blowing the dust into sleeves of .shirts and legs of 
pants. Fumigation with methyl bromide or ethylene 
dibromidc is also effective against body lice on cloth- 
ing. In the ca.se of nits, two or three fumigations at 
weekly intervals may be nece.s.sary to get rid of broods 
hatching out. Human lice resistant to DDT are 
controlled by fumigation with ethylene dibromide. 
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Houseflies (Order Diptera-Brachycera-Cyclor- 
rhapha, family Muscidac <?.g. Musca domestica 
Idnn.) are almost ubiquitous, and one of the most 
intimately associated pests of man. They are easily 
distinguished from other house frequenting flies hy 
their mouse-grey colour with two or four narrow 
black stripes on the thorax, large eyes, a soft sucking 
proboscis and a pair of wings with characteristic 
venation. Mouth parts are adapted for sucking 
only and the fly is incapable of biting. It is mostly 
a foul feeder and is strongly attracted to dead and 
decaying animal or vegetable matter and human 
excrement. 

The female fly deposits its eggs in irregular clusters 
of 75-150 in dark crevices in or directly on horse 
manure, cattle dung and human faeces. The dura- 
tion of the larval stage varies with temperature and 
the quality of food available. A single female housefly 
may produce billions of descendants from the middle 
of April to the middle of September. 

Tlie housefly feeds on anything soft and moist. 
To feed on solid substances, like sweets and dried 
milk, it ejects a small drop of Ikpiid out of its stomach 
and sucks up the dissolved material, leaving behind 
some of the disease producing germs contained 
therein. Owing to its untiring activity and its habit 
of flitting from one form of food to another and 
taking a little food at a time, a single fly can con- 
taminate a number of articles of food within a short 
time. Contamination of food and transmission of 
disease are effected also through bristles on legs and 
body. If the flies carry germs of any particular 
disease, the chances are that they will he deposited 
along with their faeces wherever they chance to 
alight. They are a mechanical transmitter of typhoid, 
cholera, l^acillary and amoebic dysentery, tuber- 
culosis, leprosy and, at times, some helminthic 
infect ions. 

The most effective and desirable method of control 
is to eliminate or reduce breeding places by proper 
disposal or chemical treatment of manure, garbage 
and night soil or prevent egg laying in them. To 
he effective, these measures should he organised on 
a community- wide basis, as one neglected heap may 
infest the whole neighbourhood. Control of adults 
in dwellings may he achieved by proj^r screening 
and/or hy spraying chlorinated organic insecticides, 
such as DDT, BHC, Chlordane, Dieldrin, or 
organophosphoric insecticides, such as Malathion 
and Diazinon, as space sprays or residual sprays. 
For space spray, pyrethrins are very effective. 


Adhesive or poison hails are also effective as control 
measures. 

Maggotflics (Order DipteraS rachycera-Cydor- 
rhapha, family Calliphoridae — e.g. Chrysomyia 
bezziana Ville) seldom enter houses. Females are 
attracted hy the odour of blood and discharges 
from diseased tissue and oviposit in or near the 
wound. Maggots on hatching out penetrate into the 
wound, but not into healthy unbroken tissue, and 
produce various forms of cutaneous and wound 
myiasis, as well as nasal, oral, aural, ocular and 
vaginal myiasis. 

Musca domestica Linn. (Family Muscidae), two 
species of Calliphora and two species of Lucilia 
(Family Calliphoridae), the meatfly, Sarcophaga 
ruficorriis Fahr. (Family Sarcopliagidac), and Apliio- 
chaeta scalaris Brues (Family Phoridae) also cause 
myiasis. 

Eyeflics or mangollies (Order Diptera-Bradiycera- 
Acalyptcratae, family Chloropidae — e.g. Siphun- 
culitia f unicola deMeij.) are small flics, c. 2 mm. long, 
with shining black body and yellowish legs, very 
common in East and South India, 'fhey have the 
habit of hovering in front of eyes, making a buzzing 
sound, and if allowed to settle, they crawl into the 
corner of the eye and feed on secretions. They are 
responsible for the spread of conjunctivitis. 

Eyeflics breed in moist mud contaminated with 
decomposing organic matter, grass thatch border- 
ing roofs of dwelling houses, ami in the vicinity 
of improperly kept latrines, stables and surface 
drains. 

Mos(|uitoes (Ordet Diptera-Ncmatoccra, family 
Culicidae — e.g. Culex fatigans Wied. and Anopheles 
culicifacies Giles) are slender insects with long 
delicate legs. The colour, which is due to a covering 
of scales, varies in different species. Mosquitoes 
generally rest in human habitations and animal 
shelters. The females feed on warm blooded animals 
and are provided with long needle-like mouth parts 
adapted for piercing and sucking. The male mosqui- 
toes cannot pierce the skin and live on liquid foods. 
Light, air movements, temperature and humidity, as 
well as the attractiveness of the host animal, influence 
the biting of mosquitoes. Only the female mos(]uiiocs. 
which can feed on blood, arc capable of transmitting 
disease hy injecting small amounts of saliva, con 
taining parasites, into their victims. 

Mosquitoes breed in water, the nature of which 
may be variable. Some species breed in clean water 
while others like stagnant pools which may be heavih 
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FIG. 126. INSECT PESTS OF HUMAN BEINGS— MOSQUITOES : l—CULEX FATIGANS WIED. (x7) 2— ANOPHELES CUl.ICIFACIES GILES (^61) 

3-AEDF^ (STEGOMYIA) AEGYPTI LINN. (x6) 


contaminated with sewage. Kggs are laid on water 
and hatch om into long actively wriggling larvae, 
which feed, grow and moult in water. The whole life 
cycle takes 8-15 days depending upon the tempera- 
ture and the available food. 

Out of the 40 species of anopheline mos<|uitoes 
known in India, only about nine have so far l>cen 
incriminated as vectors of malaria, viz. Anopheles 
culicijficies Giles, A. minimus Theo., A, fluviatilis 
James, A. stephetisi List., A. sundaicus Rodenw.. A, 
annularis Van der Wulp, A. philippinensis Ludl., A. 
varuna lyen. and A. leucosphyrus Don. Filaria is 
transmitted by two species of the mosquitoes, viz. 
Culex fatigans Wied. and Mansonoides annuUfera 
(Theo.). Aedes {Slegomyia) Meig. group of mos(|uitoes 
transmits dengue. 

The control of mostjuitoes is achieved by measures 
directed against the larval and adult stages. Crude 
oil, Paris green, DDT, BHC, Dieldriii and Malathion 
have been used for controlling larvae. To eliminate 
breeding, draining and filling of stagnant water arc 
recommended. Larvae of Mansonoides spp., which 
breed in association with water plants, can he 
controlleil by using herbicides which ilestroy the 
plants. T^rvicides applied on the surface of water 
have no effect on the breeding of these larvae. An 
anopheline mosquito taking a blood feed from an 
infective malarial patient becomes infective after at 
least 10 days. In order to control malaria transmission, 
it is, therefore, necessary to cur down the life of 
mosquitoes below 10 days. This is achieved by des- 


troying adult mosquitoes in houses by pyrethnim 
space sprays applied three or four times a week or 
by applying residual insecticides in the form of a 
suspension or emulsion on walls, ceilings and other 
places, where adults are known to rest. DDl' applied 
at the rate of ioo~2(X) mg. j)er sq. ft. of wall surface 
has given good results, and in some parts of India 
the disease has been completely eradicated by this 
method. Culicine mostjuitoes quickly dcvclo]) resis- 
tance to chlorinated hydrocarbons and as their larvae 
have developed a large degree of tolerance to such 
insecticides, organo-phosphoric insecticides, like Mala- 
thion, have to be used for their control. A dose of 
*/2 lb. Malathion per acre for controlling larvae and of 
25 mg. per scj. ft. of wall surface for controlling adults 
is effective. Protection from mosquito bites is obtain- 
ed by screening homes with wire netting and by the 
use of mosquito nets. Repellents like DMP applied 
to exposed parts repel inos({uitoes. 

Sandflies (Order Diptera-Nematoeera, family 
Psychodidac — e.g. Phlehotomus spp.) are small, pale 
coloured, delicate, nocturnal insects. Their bodies and 
wings arc densely covered with hairs ; wings are short 
and broad with characteristic venation. Sandflies are 
easily recognised in the living condition when at rest 
by the position of their wings which are held upright 
forming a ‘V’. Mouth parts are adapted for |)iercing 
and sucking and females suck blood. They rest during 
day time in dark corners in houses and in masonry 
cracks in stone walls, excavations, animal burrows, 
hollow trees and deep cracks in soil outdoors. 
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Sandflies deposit their large-sized eggs in damp 
dark crevices in rocks and in walls, where there is 
sufficient moisture and abundance of organic matter 
for tlie development of larvae, larvae undergo three 
moults to become pupae and complete the life cycle, 
egg to adult, in six to eight weeks. 

Apart from being vicious biters causing great 
annoyance, sandflies have been known to transmit 
kala-azar, oriental sores and papatsi or sandfly fever. 
Of the species of sandflies known in India, Phlcho- 
tomus argentipcs Ann. & Brun., P. papttlasii Scop, 
and P. sergenti Parr, are important as carriers of 
human diseases. 

DDT application as a residual spray, in and around 
houses, is effective in controlling sandflies. In the case 
of sandflies whicli have become resistant to chlorinat- 
ed hydrocarbon insecticides, Malathion is found 
very effective. DMP repellent is useful in prevent- 
ing bites. 

Fleas (Order Sipliotiaptcra, family Pulicidae — 
e.g. Xcnnps^lla spp.) are small, brown, broad bodied 
insects flattened from side to side. '^Phey are wingless 
but have powerful, long hind legs used for jumping. 
Both sexes have strong mouth-parts adapted for 
piercing and sucking. A large number of species 
occur in India : some are found on the common rat, 
Raltus ratlus. The adults live mostly attached to 
bodies of rodents, and eggs are laid in rat burrows. 
The wriggling larva hatching out feeds on the 
debris in the rat !)urrows. Mature larva pupates in 
a cocoon out of which the adult emerges in a few 
days. 'Phe entire life cycle of X. chcopis Roth, takes 
21-22 weeks under normal Indian conditions. Adult 
fleas can live for 5-6 weeks without food. 

Of the three species, X. chcopis Roth., X. dstia 
Roth, and X. hmsilicnsis Bak. occurring on rats, 
X. chcopis is the most important carrier of plagite in 
Itidia. The plague bacillus, Pastcurclla pcstis, is an 
infection of the rodent population, chiefly the house 
rat, and fatal to it. When there is a reduction in rat 
population due to high mortality from plague among 
them, the fleas are forced to leave the cold carca.s.ses 
of dead rats and seek other warm blooded animals, 
nearest of which are the residents of houses where 
‘rat falls' occur. Man is thus only an accidental victim 
to the infection. In addition to mechanically harbour- 
ing and transmitting the infection, fleas act as culture 
tubes in which the orgar.isms multiply. 

Fleas have also been incriminated as intermediary 
agents in the transmission of certain other diseases, 
like endemic typhus, and of certain tape worms of 


dogs and cats {Diphilidium caninmn) which infect 
man only accidentally. 

Flea infestation can be prevented by observance of 
strict hygienic conditions, with steps taken simul- 
taneously to eliminate rats in dwellings, food stores 
and godowns. Infested places should be treated with 
5% DDT emulsion ; and dust containing 5% DIXP 
should he blown into rat burrows and between bags 
in godowns. If fleas have become resistant to chlori- 
nated hydrocarbon insecticides, organo-phosphorus 
insecticides like Diazinon and Malathion will prove 
effective. Cyanogas is a powerful rodent icide hut 
shoidd be used with proper precautions to control 
rats in hou.ses and in other establishments. 

Gknkral MK/riions of In.skct Pest Coni roi. 

Pest control implies the adoption (»f measures 
designed to prevent infestation by pests or to destroy 
them if infestation has already occtirred. It does not 
necessarily and always mean the complete eradication 
of pests, but only reduction in their incidence to the 
point of harmlessness. Control measures must be 
effective, non-injtiriotis, economical and feasible, and 
satisfactory in other respects. Broadly speaking, 
methods of pest control can be classified tinder five 
heads, namely mechanical control, cultural control, 
chemical control, biological control and legislative 
control. 

Mcchanic(d 

Mechanical control includes the employment of 
measures to remove or to destroy pests or pest- 
affetted plants or pans thereof by hand picking 
or hand nets, ploughing, digging, hoeing, burying 
underground and burning. Driving locust hoppers 
into trenches and burying them, burning locusts by 
flame-throwing guns and thorough and periodical 
cleaning of grain and godowns are also mechanical 
meastires of pest contrc)!. In the case of pests which 
are attracted to light, light traps, usually a Dietz 
lantern or a petromax lam|> placed in the midst 
of a wide and shallow basin of water with a 
film of kerosene oil on top, are set up with the object 
of destroying them. Fmployment of acoustic signals 
based on the study of phonoreactions of insects has 
application in pest control. 

Ctdinral 

Ctdtural control involves the introduction of new 
farming practices or the modification of those already 
in vogtie with a view to destroying insects or creating 
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conditions adverse to their multiplication and spread. 
Changing of cropping patterns, alterations in the 
times of sowing and harvesting, increase or decrease 
in the frequency and amount of irrigation water, 
attention to drainage, judicious use of manures and 
fertilizers, removal of weeds and of alternate hosts 
of pests, proper spacing of plants and pruning of trees 
to ensure suflicient space and sunlight, and avoidance 
of crop varieties susceptible to pests arc among the 
main cultural measures employetl to control plant 
pests. The adoption of these measures is conditioned 
hy a variety of factors and circumstances which it 
may not always he easy or feasible to surmount. 
Using resistant varieties of crops to prevent pest 
attacks is essentially a cultural method of control, 
which is dependent upon a variety of factors and 
circumstances, and liable to break down when any of 
these is absent or upset. 

Chemical 

Chemical control involves the use of various poisons 
in the form of sprays, dusts, baits, fumigants and 
aerosols to destroy or repel insects in order to protect 
agricultural crops and stored produce. These measures 
have become increasingly popular since tlicy yield 
i|uick and demonstrable results at economic costs. A 
wide variety of chemicals are used, either alone or 
in combination with solvents and synergists. In recent 
years, a variety of organic insecticides have been 
synthesized and arc being increasingly used in place 
of inorganic poisons and natural insecticidal plant 
materials, such as derris, pyrethrum and toliacco. 
Names of some im|>ortant organic and inorganic 
insecticides are given below: 

S\iiihclic Organic Insccticu/cs 
DDT (Dichlorodiphenyltrichloroethane) 
Methoxychlor (Dimethoxydiphenyltrichloroethane) 
TDK ('retrachlorodiphenylethane) 

DC’l’M (Dichlorophenoxy methane) 

BHC (I lexachlorocyclohexane) 

Lindane (Uexachlorocyclohexane, gamma isomer) 
Chlordane (Octachlorohexahydrometlianoindene) 
Aldrin, I IlIDN (1 lexachlorohexahydroendoexodi- 
methanonaphthalene) 

TKPP (Tetraethyl pyrophosphate) 

Schradan, OMPA (Octomethyl pyrophosphoramidc) 
Parathion (Diethylnitrophenyl thiophosphaie) 
Malathion (Dimethyl dithiophosphate of diethyl 
mercaptosuccinatc phenothiazinc) 

Rhodanates (General name for thiocyanates) 


Arathone (Dinit rocaprylphenyl crotonate) 

Allethrin (Synthetic product allied to pyrelhrin) 

Natural Organic Insecticides 

Tobacco (Nicotine, nicotine sulphate and nornicotinc) 
Pyrethrum (Pyrethrin) 

Derris (Rotenone and rotenoids) 

Sahadilla 

Hellebore 

Various oils and coal-tar distillates 
Inorganic Insecticides 

Arsenates aiul arsenites of calcium, copper (Paris 

green), magnesium, sodium and lead 
1^'luorides, lluosilicates and other fluorine compounds 
C>)mpounds of mercury, thallium and selenium 
Phosphides 
Cyanides 

Sulphur compounds 

Some of the inscctichlcs act as stomach |>oisons ; 
some are contact poisons, and yet others are systemic 
poisons. Among the important stomach poisons are: 
HI 1C, DDT, Methoxychlor, lead arsenate, calcium 
arsenate, Paris green, sodium fluoride, cryolite, iliio 
silicates and compounds of borax, thallium, phos- 
])horus and mercury. Contact poisons kill insects 
through direct contact : important among them are: 
HHC, DDT, Toxaphene, Chlordane. Dieldrin, Aldrin, 
Kndrin, Methoxychlor, nicotine, lime-sulphur, oil 
emulsions, pyrethrum, rotenone, synthetic thio- 
cyanates and organic phosphorus compoutuls. System- 
ic insecticides are of recent origin : they are readily 
absorbed by growing plants and translocated in the 
plant system, in concentrations suHicient to render 
the .sap lethal to in.sects : sodium selenite, sodium 
Huoroacetate. Schradan, Systox and Thimet are 
effective systeniii poisons. 

Fumigants are particularly valuable in destroying 
plant borers and other forms of |X'sts which inhabit 
places inacce.ssible to licpiid insecticules ; among the 
more important fumigants mention may he made 
of hydrogen cyanide, carbon disulphide, carbon 
tetrachloride, nicotine, sulphur dioxide, /)-dichloro- 
henzeiie, na|)hthalene, chloropicrin, ethylene oxide 
and dichloride, and methyl bromide. 

The handling of insecticides in the field, godowns, 
.sheds, etc., is accompanied hy hazards to domestic 
animals and operators, and proper precautions should, 
therefore, be taken to guard against such hazards. 
Their successful use demands an appreciation of the 
tolerance limits of the pest, plant or animal. 
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Biological 

Biological control is based on the fact that practi- 
cally every plant and animal in nature has its enemies 
in the shajx; of plant feeding animals, predators and 
parasites, which constitute part of the biological limi- 
tations of its environment. The method consists in 
artificially employing one or more natural enemies 
of the pest to reduce its population to the point of 
harmlessness. The natural enemies may be of animal, 
fungal, bacterial or virus origin, efTectivc against one 
or more stages of the pest — I^idyhird beetles feed on 
aphid and coccid pests ; parasitic wasps and flies lay 
eggs in some caterpillar pests ; some fungi and 
bacteria produce diseases among insect pests and 
other animals ; some insects feed on weeds to the 
extent of exterminating them. 

Ix:gislativc methods of pest control arc twofold, 
namely plant (|uarantinc and national and local laws 
and rules for the control of specific pests and diseases. 

B KN KFIC I AL I N S Kt HS 

While the damage caused by injuriotis insects is no 
doubt considerable, tlie contribution of beneficial 
species to national prosperity should not be over- 
looked. 

/ used PollituUors 

Insect |K)llinators are mainly res|)onsible for ferti- 
lization in some of the major crops, such as pulses, 
tobacco, pepper, oilseeds, cotton, coffee, etc., and in 
fruit trees, and the benefit derived through pollinat- 
ing insects alone is estimated to be much more than 
the total loss caused by all insects. The insect-polli- 
nated flowers arc often characterised by special 
structural modifications which compel various species 
of insects that come for nectar to carry awav pollen 
grains from one flower to another and thus ensure 
cross pollination. Most flower-visiting insects also 
have special structures for collecting and transporting 
pollen grains from the flowers they visit. 

Not all insects that visit flowers are, however, 
pollinators. Many insect larvae, thrips and beetles 
fre(|uently destroy flowers and only accidentally bring 
about pollination. Their mouth parts are not designetl 
for feeding on nectar ; they have no hairy covering 
for brushing away pollen grains, and no mechanism 
for carrying pollen loads. Others, like sphecid wasps, 
short-tongued bees and seme butterflies, have mouth 
parts specially adapted for sucking nectar and their 
body is hairy to facilitate brushing off of pollen 
grains. The true pollinators are the familiar hawk 


moths (Deilephila spp.), death’s head moths [Acheron- 
tia spp.), and other sphingid moths and the long- 
tongued social honey-hees ; some flies, fleshflies, 
wasps, hoverflies and ants are also important insect 
pollinators. Bees have specialized pollen baskets for 
transport of load gathered during their visits to 
flowers. Just as different insects are adapted for visit- 
ing flowers, the flowers are also adapted to receive 
sj^cific types of insects. The specialisations arc greatly 
marked in figs which form a special class by them- 
selves and are pollinated by fig insects or agaontid 
and chalcid wasps like Blastophaga spp. For the exist- 
ence of the fig plant, therefore, the fig insect is neces- 
sary and the fig insect also cannot live in the absence 
of figs. It is generally customary to tbink of tbe honey- 
bees as merely the sources of honey and bees- wax, 
but their role as pollinators of crops, orchards and 
forest trees is far greater in importance. 

Itisrd Pests of Noxious Weeds 

Insects attack not only cultivated and economically 
useful plants, but also weeds in cultivated fields, 
gardens and orchards. The knowledge of the part 
played by insect pests of weeds has often been put 
to practical application. One of the most destructive 
weeds, namely the prickly pear [Opuuiin s[>.), was 
almost completely eradicated in South India by the 
introduction, from Mexico, of the tiny mealy bug, 
Dactylopius tomentosus (lann.). Aieas which were 
wholly impenetrable due to prickly pear bushes were 
converted into fertile arable lands within live or six 
years. C'ockle-biirr [Xanthium sp.), another ecjually 
troublesome weed, which came into India from 
Australia, is kept in check by the attacks of .several 
species of insects. The lantana, anotlier noxious weed 
growing in hill plantations, has also been checked to 
a great extent by the lantana bug, Orthezia insiguis 
Dougl. (Coccidaci), which is also known to attack 
other plants. The lantana seed fly, Opliiomyia (Agro- 
myza) lautanac Frog. (Agromyzidae), which was 
known to be an efficient natural enemy of lantana in 
Hawaii and other countries, and the lantana lace 
bug, Teleonemia scruptilosa Stal (Tiugidae), intro- 
duced from Australia, have, however, not proved 
useful. Investigations on the pests of water hyacinth 
[Eichhornia spp.). Mimosa spp., Trihulus spp. and 
Eupfitorium spp., found in India, arc in progress. 

Scavengers 

Some insects serve as scavengers by feeding on dead 
and decaying animal and vegetable matter. The 
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I Ki. 127. BHNr:FIC;iAI, INSrxnS (POLUNATORS. WKKDKILLERS AND SCAVENGFRS) ; I— HG POI.I.INATING WASP (BI ASIOPHAGA SP.). 
FEMAI.E (\8) ; U— MALE FERTILISING THE FEMALE FOUND WITHIN A GALLED FLOWER OF THE FIG 2--HAWK MOTH (DF.ll EPIIILA 
SP.) (x4 5) i-WORKER HONE*Y-BEE SHOWING LUMP OF POLLEN ON HIND LEG ( x 2-5/4 ) ; 5*-HIND LEG OF WORKER SHOWING: 
P— POl.I J-N. pb— POLLEN BASKET, h— POLI-EN BRUSH 4—LANTANA BUG (ORTHHZIA INSIGNIS DOUGL.) (v>4) DUNCi ROLI F:H 

(HELIOCOPRIS BUCEPHALUS FABR.) (x2 3) 


siaphylinitl beetles, the dung rollers or scarab 
beetles, Hcliocopris huccphalns 1^'abr. (CoprUidacy 
beetle borers of dead wood [Bostr\chidac), white ants 
(Terwitidae), carrion beetles [C.lrridac), beetle borers 
of bark, stem, etc. (P(iss(didai\ Scolylidac, Ccranih\- 
cidtic, etc.), Ilesbilies (Sarcophagidac), boverflies 
{S\rphid(ir), the screw worm flies (Mtiscidac) and a 
number of others act as natural scavengers. 

I^rcdatffrs find Parasites 

riiere is a large class of indireetlv benelicial insects 
that exercises a natural check on the multiplication 
of harmful and destructive forms. Predatory insects 
hunt and feed on smaller or more helpless insects or 
other animals. P.irasiies gradually (onsiime the sub- 
stance of the Iiost and ultimately kill it. 

Predatory insects arc spread over most orders of 
insects and a large number of families ; out of these 
the following are important: 

Mantids (Order Mantodca, family Maniidac 
e.g. praying mantis, Hicrodula coarctata Sauss.) are 
large-sized carnivorous insects, protectively coloured 
to simulate the surroundings : prothorax is long and 
lore legs are modified into pincers for grasping prey 
(raptorial) : they destroy numerous injurious 


grasshoppers, butterflies, beetles, houseflies and 
various other pests. About too species occur in India, 
which are known to be predatory in all stages of their 
life. 

Dragonflies (Order Odonala) are large-sized slender 
insects with mobile bead, large com[)j>imd eyes, 
stout thorax, two pairs of long narrow wings and 
elongated slender abdomen. About 700 s|K*cies are 
known in India and are commonly met with in moist 
localities, such as river banks, pools and marshes. 
Both larvae and adults are predaceous, mainlv on 
forms belonging to Diplera, Lepidopicra and H\f}u- 
noptcra ; they capture the victims by the sweeping 
of wings aiul eat the prey held in their legs and 
stretched in front of the head while flying. !.arvae 
are aipiatic and predaceous on young ones of 
gnats, midges, mosipiitoes, flies an<l other aipiatic 
insects. The order as .t whole is largely beneficial 
and serves as a natural check for mosijuitoes and 
flies. 

[..acewing Flies or Ant Lions (Order Ncuraptrra, 
family Chrysopidac) are small delicate insects, 
green or yellow in colour, with tough spiny skin 
and strong sickle-shaped mandibles. Larvae have 
a prodigious appetite and prey on aphids and mites 
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by piercing and extracting body juices. The genus 
Chrysupti has a world-wide distribution. 

Beetles (Order Colvoptera) include several beneficial 
predators, chiefly in families Carahidae, Cicindeli- 
dacy Dytiscidae, GyrinidaVy Staphylinidae, Histeridae, 
(MHlharidac, Mcloidac and Coccinellidae, which 
attack all sorts of insects including many harmful 
ones, llisterids are generally predaceous on injurious 
chrysomelid l^eetles. Hy larvae and caterpillars. The 
cantharid and meloid larvae destroy eggs of grass- 
hoppers and locusts. 

(yroiind Beetles {CfirahidaCy e.g. Anthia sexguttala 
Tabr.) are small to large-sized beetles with thick 
chitinous shell on body, dull or bright metallic 
in colour, long-legged and capable of running fast : 
they are mostly ground dwelling forms, founcl under 
stones, bark, in moss, rotten wood, etc. and active at 
night ; larvae with elongated body, sharp projecting 
mandibles and a pair of bristly processes at the poste- 
rior end live in the same situations as adults. Both 


larvae and adults prey on various caterpillars, grubs, 
grasshoppers and snails. 

Tiger Beetles (Cicindelidacy e.g. Cicindcla sex- 
punctata Fabr.) are medium-sized slender beetles with 
long, toothed and curved mandibles and long slender 
legs ; they are dull or bright metallic in colour with 
stripes or spots ; gruhs are cylindrical with large disc- 
like head and strong mouth parts and a hooked pro- 
cess dorsally on the fifth abdominal segment. They 
live in vertical or slanting holes in the ground waiting 
for any convenient victim that may pass by. Adults 
are mostly surface dwellers, preying on itisecls and 
other smaller forms. 

I..adybird Beetles (Coccinellidac, e.g. Coccinclla 
svptempunctata Linn.) are small in size, oval or 
circular in shape, hemispherical, dull or brightly 
coloured, often with spots or stripes which may vary 
within the species and between the sexes ; wings are 
well developed : larvae arc broadly tapering, covered 
with warts, spines or waxy strands, and dull coloured 



FIG. 128. BENEFICIAL INSECTS- (PREDATORS) : l-F RAYING MANTIS (HIEROUULA COARCTATA SAIJSS.) (x)) 2— GROUND 

(ANTHIA SEXGIJTTATA FABR.) (NAT. SIZE) 3-TIGER BEETLE (CICTNDELA SEXPUNCTATA FABR.) (x4,5) 4>-LACEWING (CHRYSOPA 
SP.), ADULT FLY (x4) ; 4.-BUNCH OF EGGS LAID ON LEAF : 4b-FULLGROWN LARVA WITH EMPTY SKINS OF APHIDS IT HAS 
DEVOURED (x'i) V- HOVERFI.Y (SYRPHUS SP.) (x2) ; 9a— LARVA FEEDING ON APHIDS ON WHEAT PtANT ; 5b— FULL GROWN 

lARVA (X5) 
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PREDATORY INSECTS — LADYBIRD BEETLES 

1. Clnltmenes stxmaculatn (x8; 2» OminfUa seftifmpunclnta { < 1) 

m, egg cluster; b. lurva; c. pupa; d. lma8;o: e. full thrown beetle; larva and imafo are shown feeding on aphids on a plant 
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or splashed with bright markings. Ladybird beetles 
arc predaceous on small insects, mites and insect eggs 
in both larval and adult stages. They destroy aphids, 
whitcflics and mealy hugs, which are particularly 
harmful to food crops. 

On account of the narrow range of natural hosts 
preferred by them several species of ladybird hectics 
have been successfully utilized for biological control 
of crop and orchard pests in many parts of the world. 
A single larva of Chilomcncs scxniacidata (Fabr.) is 
known to prey on c. 200 aphids a day ; a larva of 
Cryptolaenms sp. feeds on c. 1.325 eggs of Pseudo- 
coccus ciiri Risso in its life time, and that of Hyper- 
(jspis hinotata Say on 90 adult coccids and 3,(X)o 
nymphs. The cottony cushion scale or ilufctl scale, 
Periccrya [Icerya) purchasi (Ma.sk.), a serious pest of 
fruit trees like citrus and wattle plantations, has been 
successfully controlled by the introduction of an 
Australian ladyl)ird beetle. RodoUa cardinalis 
(Mills.). It feeds on the eggs and nymphs of the fluted 
scale in both larval and adult stages. Cryptolaemus 
montrnnzicri Mills, was imported into India in 1898 
for the control of ciirophilus mealy bugs, Pulvinariu 
spp. '^rhe use of Chilocorus nigrilus (Fabr.) against 
the green bug of coffee, Lecunium viride Gr., and 
other scale insect pests of orchard plants was attempt- 
ed in Madras Slate in 1952 53 ; preliminary trials 
sbc)wed that this predator may be employed to supple- 
ment the chemical methods, but is not effective by 
itself on account of its low reproductive capacity. 

Other benelicial species are: Scymuus nubilans 
Mills, which [)reys on aphids and sugarcane whitc- 
Hies in its larval and adult stages : Stethorus tetrany- 
chi Kapur feeding on mites : Juarvia soror Weise 
which preys on scale insects, citrus whitcflics and 
mites ; and Synouyeha spp. which check bamboo 
aphids. 

Flies (Order Diptcra) -lSoth predatism and para- 
sitism are common among Diptera which, next to 
Hymenoptera, arc generally entomophagous. Flics 
belonging to the families Rhagiouidac, Tahanidat\ 
Ochthiphilidac and Chloropidae arc entirely preda- 
ceous. Members of families like Itouididae (midges) 
feed on aphids, coccids, thrips, whiteflies, psyllids and 
mites which are mostly injurious. Among Sarco- 
phagidae and Phoridae, both predatory and parasitic 
species are known. Members of the family Dolicho- 
podidae are predaceous on various insects, especially 
Collcmhola. Certain bombyliids, which attack many 
beneficial Hymenoptera and Diptera^ are definitely 
harmful. 


Hoverflies or Flowerflies (Family Syrphidae) 
are small, brightly coloured insects, visiting flowers 
for jxillcn and nectar. Larvae vary greatly in form and 
habits. Some are predaceous on plant aphids, some 
live in decaying animal or vegetable matter and 
others in filth. Syrphus conf rater Wied. has 
been reported to feed on aphids of cotton, wheat, 
cabbage, chrysanthemum and mustard : in the 
Punjab, it feeds on woolly aphis, Eriosouia lanigcrum 
Ilatism. 

Robberflies (Family Asilidac) are large elongated 
insects of slender build, clothed in hairs or bristles, 
and generally dull coloured : adults capture prey 
during flight : larvae are reported to be predaceous on 
insects living in .soil debris and rotting wood. 

Leucopis luteicorfiis Mall. (Family Ochthipliilidae) 
is predaceous on aphids and mealy bugs. Several 
chloropids often attack the eggs of various grass- 
hop|)crs. The larvae of .some anthomyiid flies are also 
predaceous on the eggs of locusts. 

A.s.sassin Bugs (Order Ilvtcroptcra, family Rc- 
duviidae e.g. Is\ndus lieros l"abr.) are medium-sized, 
heteropierous in.secis, dull or strikingly coloured, with 
stout curved beak ; they are mostly predaceous on 
other insects, like aphids, leaf hoppers and cater|)illars, 
which are injurious to cr()|)s. They suck the body 
juices of their victims held firmly in their spiny fore 
legs. 'Phe pentatomid bug, Perillus s|>., attacks the 
larvae of several injiirif)us Colcoptera. Si>mc species 
of lygaeid bugs are also known to attack plant 
mites. 

Ants and Wasps (Order llymvunptera) consti- 
tute the dominant beneficial entomophagous insects 
of India. The order includes many important bene- 
ficial predators. 

Ants (Family Foruticidae) form an important 
predaceous family of Hyvieuoptera exhibiting a wide 
range of feeding habits, from plant juices to eniirelv 
carnivorous diets. Preilatory ants are general feeders 
attacking all insects and other smaller animals, 
encountered on the march, which are unable to .save 
themselves by flight. Several hundred species are 
known in India. 

Wasps (Families Sphecidae, ScoHidae and Euuieui- 
dae) are pugnacious creatures, warningly coloured 
and equipped with a stinging apparatus for paralyz- 
ing victims. They construct mud cells or <lig holes 
in the ground and slock them with grasshoppers, 
crickets, cockroaches, spiders, caterpillars and other 
in.sccts, paralyzed into a state of immobility, to serve 
provender for grubs hatching out of their eggs. 
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Sphctids {Sphixidac) arc predaceous on crickets 
and grasshoppers and Bombyx spp. ; they also hunt 
flies. Scoliid wasps, such as Scolia (juadripustnlata 
h'ahr. (Scoliidac), attack beetles. Eumcnes esuriens 
h'abr. (Euiuemdac) and Sadiphron madraspatnam 
Kahr. (Sphixidac) store their mud nests witli para- 
lyzed moth caterpillars. 

Most thrips (Order Thvsanoptfra) are injurious to 
agricultural crops, hut certain species of Spololhrips 
are beneficial since they destroy various species of 
of mites which attack crops. 

lA^pidoptcra are mostly phytophagous and in many 
cases extremely injurious, hut several predatory 
species are also known. 'J'he caterpillars of lycaenid 
butterflies destroy aphids, coccids, fidgorids and 
jassids. Some species of Eublemma (Noctuuhw), 
though injurious to the lac insect, are predaceous cm 
the coccids, Pidvinarm spp. 

Parasites differ from predators in that they do not 
kill the prey hut feed only on living substance of 
the hosts unobtrusively. 'Fhey are widely met with 
in several orders of insects, c.g. Lcpidoptcni, Strepsi- 
ptcra, Hymcnnptvra and Diplcni. Some parasitic 
insects attack single host species only, hut others 
attack more than one host. F.very stage of every 
species of insects is subject to the attack of one or 
more species ol insect predators or parasites. Some 
insects have a large number of predators and para- 
sites, e.g. the common citrus mealy hug. Pseudococcus 
cilri Risso, is attacked by the larvae and adults of not 
less than S different species of ladybird lieetles, 6 
species of parasitic and predatory Dipteni, 4 species of 
chrysopids and at least 8 species of parasitic Hyme- 
uoptcra. The insect parasites of injurious species are 
also often tliemselvcs attacked by other predators or 
parasites, resulting in secondary parasitism. The 
secondary parasites may often he attacked by tertiary 
parasites or hypcr-parasiics. 

Some species like Epipyrops fuligumosa Tams 
(Order [.epidoplcra, family Epipyropidae) aix* ex- 
tremely henefici.il parasites of ihc sugarcane pyrilla 
in India. 

Stylops (Order Slrepsiptera) constitute a small 
group of insects parasitic on many injurious gryllids 
(crickets), locusts, pentatomid, fiilgorid and jassid 
bugs, wasi)s, hornets and other insects. In India, the 
sugarcane pyrilla is attacked by a species of stylo|:)s. 
The female of stylops is a degenerate wingless grub- 
like form, whereas the male is winged. The larvae live 
in the body cavity of the hosts and absorb blood and 
other fluids. 


Wasps (Order Ilymenopterd), such as ichneu- 
monids, hraconids and chalcids, are important para- 
sites. Ichnciimonid wasps (Ichneumonidae) are para- 
sitic mostly on the larvae of Lepidoptera, Coleoptera, 
liymenoptem and Diptcra. Many beneficial species of 
this family belong to the genera Atnbly teles, Augitia, 
Cnmpoplex, Nemerilus and Xauthopitnpla, 

Braconidae and Vipionidae are relatively more im- 
portant economically as parasites of major crop pests. 
Braconids parasitize larvae of Lepidoptera, Hymeno- 
ptcra, Coleoptera and Diptera. Microbracon grecni 
Ashm. is an important parasite of the cotton 
hollworm in India. Apanteles spp. |)arasiti7.e many 
injurious Lepidoptera including Pieris brassicae Linn., 
often a serious pest of cruciferous crops. Opius spj), 
are parasitic on maggots of fruitflies infesting cucur- 
bits, mango, citrus, guava, her, etc. 

The Clialcidoidea arc the most imj)ortant parasitic 
llymenoptera ol which 2 ,(K)o species are known in 
India. They are small to minute insects with bright 
metallic green or blue colour. They |)arasitize 
the eggs, the larvae and the pupae of almost all 
orders of insects including other chalcids. Primary 
and various grades of hyper-parasitism are known 
among them. Rej)roduction is |>olyemhryonic. 'Phe 
chalcid parasite, Podagruui sp.. attacks egg masses 
of mantids. Several species of Brachymeria, Chalcis, 
Smicra and Stoniatocerus parasitize injurious cater- 
pillars. Dirhiuus sp. is parasitic on fly maggots. 'Phe 



FIG. 129. PARASITES : 1— APANTELES PUSAENSIS LAL, ADUL'I 

FEMALE (x9); U-KiRUB 2— STYLOPS SP., MALE (x9) ; 2«— FEMALE 
(x9) J-ADULT FEMALE OF TRICHOGRAMNA SP. READY TO LAY 
ITS EGGS WITHIN A MOTH EGG (xl6) 4— LESTODRYINUS PYRILLAE 
KIEFF. 
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family Encyrtuhw is a natural enemy of mealy hugs, 
scale insects and many other injurious coccids. 
Oocneyrtus pyrillfW Crawf. and Aganiaspis pyrillac 
Mani arc egg parasites of sugarcane pyrilla. Scutcl- 
lista cyanca Motsch. (Ptcromalidac) attacks the hlack 
scale insects and A plastomorpha atlmulrae (How.) of 
the same family attacks the rice weevil. Aspidiotu 
phagus citrinus (Crawf.) is a heneficial parasite, 
introduced into India from U.S.A. for controlling the 
scale insect pests of citrus. 

Trichogranumi evancacem Westw. is parasitic on 
the eggs of several l.rpidoptera and has heen arti- 
ficially reared and released in large numhers in the 
field for the control of teak defoliators and sugar- 
cane horers. Serphoidea or Prociotrypoidm iiulude 
some heneficial parasites. Sndio sj). parasitizes the 
eggs of grasshoppers and locusts. Tvlvnomtts spp. 
attack the eggs of various pcnialomid hugs. T. hrnc- 
I'lcums Zehn. is an egg })arasite of the sugarcane stem 
horer, Diatwea sp. Other species of Teloiomus are 
known to parasitize the eggs of moth horers of jfiwar. 
rice, etc. Elatygasteridoc are parasitic on the larvae 
of gall midges including the paddy gall midge, 
Pachydiplosis oryzae (W.M.) Mani. Amitus aleuroiohi 
Mani often destroys the sugarcane whiiefly, Alenm- 
lobus harodensis Mask. The superfamily Helhyloidca 
includes heneficial species like Jscstodryiuus pyrillac 
KiefT. and Escudogaiialopus pyrillac Mani parasitic 
on sugarcane pyrilla. The females catch the pyrilla 
nymphs, lay eggs on them and release them : a 
tumour-like swelling soon develops at the spot of 
parasitiz.ation and the host ultimately dies. The 
evanid wasps of which about io(t species are so far 
recorded in India parasitize the eggs of cockroaches. 
Evania appcndigaslcr lann. is a cosmoj)olitan species, 
common nearly all over India : it is a natural enemy 
of the loathsome domestic cockroach, Pcriplaticta 
amcricana Linn. 

Flies (Order Dipt era) helonging to the families 
CyrtidaCf, Nemestrinidae, Pipitiicttlidac, Conopidac, 
Agromyzidac and Tachinidae are parasites : in most 
cases, only the larvae are parasitic. The larvae of 
Pipunculidac are internal parasites of nympiis and 
adults of homopierous hugs. I’hough Agromyzidac 
are general plant feeders, Cryptochaclavi is parasitic 
on the fluted scale and other giant mealy hugs, 
Tachinidae consists of the genera Starmia, Cyplio- 
ccra, Tachinia, IVitilhcmia and Exorista, parasitizing 
]K‘sts like paddy army worm, tea slug and fruit moth 
larva. Other important pests, like the paddy stem 
borer, tobacco caterpillar, gram caterpillar, red-hairy 


caterpillar and paddy swarming caterpillar, are 
subject to the attacks of one or more wasp or tly 
parasites. These useful forms are utilized in the 
control of many crop pests. 

Insects as Food 

Insects provide the entire diet of certain birds, 
mammals and many fishes. A good nuuiher of food 
fishes occurring in rivers and tanks depend for their 
food largely or wholly on acjuatic and other insects, 
such as flics and their larvae, caddisworms, beetles, 
moscjuitocs and gnats and their larvae. Many insects 
are used as baits in fishing. Domestic fowls and many 
game and fancy birds are largely insectivorous, 
'fhe food of common myna is mainly (ompo.sed of 
gra.sshoppers. 

Various tribes in North America and aborigines of 
Australia eat insects : during limes of famine, insects 
helonging to Colcoptcra anti other insect orders form 
the main food. Some insects are consumed along with 
apples, spinach, or other foods either as titbits or as 
staple diet in parts of Australia, Africa, Asia and 
America. In Arabia, Baluchistan and in the desert 
areas of Sind, locusts are collected in bagfuls, boiled, 
salted and dried, to he taken ns food in times of 
need. Dried locusts are fed to camels, cattle and 
poultry. Cockroaches and silkworm chrysaliils are 
eaten by the Chinese, termites and certain insect 
larvae by the Javanese, waterhugs by the Mexicans, 
cockchafers by Italian peasanis and the cochineal 
in.sects and cheese mites by v.-irious Furopean 
nation.s. 

Insects are reported to he nutritious. Kxcept for 
a few brief records, detailed information on food 
insects in Imlia is not available. Certain insects 
of the orders Colcoptcra, TIctcroptcra, I lo/nuptcra, 
Orthoptcra, llymcuoptcra and Diptcra are known 
to he eaten. 

Rhinoceros beetles (Oryctes rhinoceros Linn.) and 
their larvae arc roasted with salt and eaten hy the 
Siamese. The larvae of red palm weevil, Rltyncho- 
phorus ferruginens Oliv. (a pest of cocomii and other 
|)alms), Crytotrachclus longipcs h'ahr. and C. dn\ 
Boh. (horers of young s|)routing hamhoos) are collect- 
ed and roasted or fried for food in Siam and in India. 
1 he white plump weevil larvae of Protoccrius fervidus 
Pasc. (Curcidionidac) are collected from the bulbous 
stem of Phoenix acanlis Roxh. and eaten with rice, 
raw or fried in mohwa oil. hy the Murias of Bastar 
state of the former Central Provinces and the tribal 
people of Kanara. Water beetles {Dytiscidac and 
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HG. 130. INSHCTS AS FOOD; I— QUEEN TERMITE 2— WINGED TERMITE (REPRODUCTIVE FORM) (xli) 3— RHINOCEROS HEEll.E 
(ORYCTES RHINOCEROS LINN.) (APPROX. NAT. SIZE); 3a— LARVA (x2) 4— LARVA OF RED PALM WEEVIL (RHYNCHOPHORUS FERRU*- 
GINEUS OLIV.) (xH) 5— RED ANT (OECOPHYLLA SMARAGDINA FABR.) (x3) 6-LARVA OF HONEY-BEE (x3) ; 6a— PUPA (x2l) 

7-WATER BEETLE (ERETES STICTICUS LINN.) (x2) 8-<iIANT WATER BUG (LITHOCERUS INDICUS LEP. K SERV.) (xi) 9-COCOON 
OF WILD SILK WORM (ANTHER AEA PAPHIA LINN.) 10-DESERT LOCUST (SCHISTOCERCA GREGARIA FORSK.) (NAT. SIZE) 


H\drolyliilicI(ic) are eaten both as medicine and as 
confection. The adult and immature stages of a 
water beetle, Krctcs {Kutwcles^ sticticus Linn., 
commonly found in India are eaten as a delicacy by 
the Burmese. 

A few s[)ccies of stink bugs {Pcntatomidae) and 
water bugs (Beloslotnidac) are eaten in India, China 
and Siam. One s|)ecics of Cicadidac is also an article 
of diet among the Siamese. 

Coridius {Aspongopiis) chincnsis (Dallas) {Pentato- 
mid(i(f), occurring in Bhutan, Assam and China, is 
known to lie eaten by some tribes in Assam. Coridius 
{Asponp;opus) nep(dcnsis (Westw.) is used as food : 
pounded with rice, it imparts an aromatic flavour. 
Cyclopelta subhimalaycnsis Strick. (Pcntatomidae) is 
fairly common in Assam and is eaten with rice. 
Erthesina fullo Thimb. {Pcntatomidae), a species of 


variable coloration feeding on the trunks of many 
trees, is widely distributed in India and is eaten by 
the Nagas in Assam. The giant water bug, Litlioccrus 
{Belostoma) indicus Lep. & Serv. {Belostomidac), is 
widely distributed and is caught by water nets for 
cooking. Two species of Sphaerodema {Belostomidai^, 
namely 5. rustica Fabr. and S. molestnm Duf., small, 
flat, greenish water bugs common in India and Siam, 
are eaten with relish. 

Some species of grasshoppers and the locusts. 
Patanga siiccincta Linn, and Schistocerca gregaria 
Forsk., have been used as food on account of their 
large size and frequent availability in large numbers 
since early times. They are roasted and eaten in 
Africa, Siam and India. They are reported to Ije rich 
in proteins. 

Among the crickets, Gryllus testaceous Wlk.. 
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Bracliytrypes porhniiosus Liclit. and Liagryllus hi- 
macnlatus dcG., which live in burrows, arc roasted 
and eaten. 

White ants (Isoptera) are considered to ])e rich in 
fats, proteins, phosphates and potash. According to 
one analysis, the dried material contains 44.4% fat 
and 36V0 protein. Termite queens are roasted or fried 
in fat and eaten as a delicacy by some tribes in India, 
Africa, Siam and other countries. At swarming 
periods, winged termites are caught after the wings 
drop oft', roasted with salt and eaten. I'liey are report- 
ed to be dried and sold as food in some parts of 
Africa. 

Termite oil obtained by petroleum ether extraction 
of fried insects gave the following characteristics: 
m.p., 40-41° ; t/"’*", 0.906; n\l'\ 1.461 : sap. val., 191 ; 
acid val., 18.6 ; Hehner val., 94.1 ; iod. val., 55.4 : and 
iinsap. matter, 3.76%. The oil yields a fairly hard 
soap ; it has no commercial importance. 

The red ant, Occophylla amuragdina Fabr. (Order 
Hymenoptcra, family Furmictdac), is found through- 
out India, Burma, Malaya and vSiam. 'Hie ants are 
rusty red, of medium size and live on trees in nests 
made of leaves bound together with silken threads 
secreted by the larvae. In Burma and Siam, they are 
regarded as a delicacy ; made into a paste they are 
used as a condiment with curry. 

The lioney, larvae and pupae of the rock-hee. Apis 
dorsata Fahr. [Apidac), found in the coinhs are eaten 
hy various Indian irihes. The honey and grubs of 
Apis indica Fahr. arc also eaten. 

In some pans of’ India and China, the pupae ol 
the wild silkworm, Authrrftcd p/tphin Linn. (lA^pi- 
doptcra), arc regarded as a delicacy and eaten after 
the silk is extracted. They are eitlier cooked in hot 
water or roasted, 'riiis s|>ecics occurs commonly in 
Assam. Bengal, Kashmir and other parts of India. 

Other Uses 

Among the more important cc()nomic products of 
insect origin arc honey and wax, lac and silk (cf. 
With India — ^Raw Materials, I, 166). 

Lac is the resinous encrustation of the lac insect, 
iMccifer (Tachardid) lacai (Kerr). About SoVo of the 
world’s production of lac comes from India. Silk 
‘originates as a fine thread in the spittle of caterpillars 
belonging to the Bombycidae and the. Saturnidac 
lamilies of moths. The mulberry silkwwm, Bombyx 
wori Linn., the tassar silkworm. Afiiheraca paphid 
Linn., and the eri worm, Aitacus ricitii Boisd., yield 
valualilc commercial fibres. The mulberry silkworm 


yields superior quality of silk. Information on the 
production, composition and uses of lac and silk will 
he found under the respective entries. 

Very little information is available on the use of 
insects as medicine in India. Honey-bees, Apis mcllu 
fica Linn, and A. indicd Fabr. [Apiddc), yield nutri- 
tious honey used as demulcent and laxative, especially 
for children, and for application to ulcers. Bees’ wax 
is used as a vehicle for ointments. The eggs of red ants 
(lumnicidae) (Sa\s. — IHpcclikd : Hindi Chintee ; 
Tam, -Knnnhtt ; Vv.l. —ChccDid ; Kan. — Iruvc) form 
a constituent of a medicine used for malaria hy some 
tribes. 

The chrysalis or the silk jH>d of the mulberry silk- 
worm, Bombyx mori Linn. {Bombyciddc) (Bknoai. - 
Pdt : Bombay — Rcshdmnuipotdn ; Madras- /^//Z/oo 
puchic), is used as styptic, ttmic and astringent : it is 
believed to check profuse menstruation. leucorrhoea 
and chronic diarrhoea. 

The cochineal insect, Dactylopius coccus Costa syn. 
Coccus cacti Linn. (Hindi— Bearboughtee ; Bombay 
—Kirumazd ; Madras— (’oc 7 /im 7 puclii), possesses 
sedative, aphrodisiac and antiseptic properties, and is 
used in neuralgia and whooping cough. The insects 
contain carmine or carminic acid, coccerin, myrestin. 
fat and fatty acids, 'fhe stink bug. Corulius [Aspougth 
pus) chifwnsis (Dallas), is used as an aphrodisiac in 
Cliina. 'rermite (pieen (Hindi -,S 7 /rt// decuuik) is 
hclievcd to be a [towerful sexual tonic. Bites of k.ity- 
dids or crickets are reportetl to remove warts. 

The mylabris beetle. Mylubris chicorii (Linn.) 
(Midouldv) (Hindi Teleuwidkhi : Madras Ihtis- 
tdninai), and other species of Mv/ubris are used as a 
substitute for canrharides. It acts as an internal 
stimulant and diuretic ; it is used externally as 
counter-irritant and vesicant. The water beetles 
{D\tiscidae and Hydrophiliddc) are reported to be 
anti-diuretic. 

Very few insects are known to yield dyes. Until 
the aniline dyes came into the market, cochineal 
insects were used as the source of a beautiful carmine- 
red pigment. The lac dye obtained hy extracting 
crushed stick lac in water was once used extensively 
for colouring silk, wool and leather. It is obtained as 
dark purplish cakes from lac washeries and it is still 
in use, in some parts of India, for dyeing silk and 
wool. The cakes contain: moisture, 9-1 1 : colouring 
matter, 10-13 » 15-18%. The colouring 

matter, laccaic acid, crystallises in rhombic plates 
of yellowish red colour, and is soluble in alcohol, 
acetone and acetic acid. With alkalis, it produces a 
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cliarai lorisiic red coloration. Dyed fal)ncs are fast to 
perspiration. The dye is used also for decorative 
painting of hands and feet by ladies. 

Certain galls, especially oak galls, prtKluced by 
s(»ine insects, are used as a source of dye and tannin 
ill ink manufacture. Bright iridescent elytra of some 
hupiestid beetles arc used in ornaments. 
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INULA I dim. (Compositac) 

A gcnii.s of herbs, rarely shrubs, di.strihiited in 
Kiirope, Africa and Asia, mostly in rcm|KTate regions. 
About 20 species occur in India. 

I. racemosa Hook. f. 

n.E.P., IV, 474: FI. Rr. Ind., Ill, 292: Kirr. & 
Basil, PI. 527. 

Kashmir Poshkar. 

A stout herb, up to 5 ft. rail, found in north-western 
Himalayas at altiludes of 5 ,ck)o-i4.(H)o ft. Leaves 
leathery, rough above, densely hairy beneath, tooth- 
ed: radical leaves S-18 in. x 5-8 in., long-stalked, 
elliptic-lanceolate: cauline leaves ovate-oblong, semi- 
amplexicaul, often deeply lobed at the base ; flower- 
beads many, 1.5 2.0 in. diam., yellow, in racemes ; 
achenes c. 1/6 in. long, slender, with reddish pappus. 

Fresh roots of I, racciuosa have a strong aromatic 
odour resembling orris and camphor : dried roots 
have a weak, odour. They are used in Kashmir as 
adulterant of Kttlh (ro(its of Saussurca lappa C. B. 
Clarke). They contain inulin (10.0%) and an essential 
oil (1.3%) containing alantolactonc : m.p., 

76"). Alantolactonc is the chief constituent of the 
oil obtained from the Euro|K*an species /. heir- 
niiini Linn. ; it possesses strong anthelmintic proper- 
ties and is more potent and less toxic than santonin. 
Alantolactonc in i : i,o(M) dilution kills Ascaris in 
16 hr. while santonin in the same dilution reciuires 
more than 2 days. It has been used as an anthelmin- 
tic for children (dosage, o.(x)9-o.2 g.). Alantolactonc 
is also antiseptic, expectorant and diuretic. The seeds 
are bitter and aphrodisiac (Kirt, & Basu, II, 1352 ; 



IPOMOEA 


Indian For,, 1937, 63, 414 : Kapoor ct al., J, sci. 
indust r. Res., 1953, 12A, 311 ; U.S.l)., 1955, 1723; 
Chem, Ahstr,, 1937. 31, 1878 : Giiciuhcr, V, 456). 

1. royleana DC. 

D.K.P., IV, 474 : FI. Br. Ind., HI. 292 : Ulaiter, I. 
1 ^ 1 . 29, Fig. 3. 

K AS HM I K — Zah clniilkoh ec. 

A stout herb, up to 2 ft. higli, found in north- 
western Himalayas at altitudes of 7.000-11.000 ft. 
Leaves rather membranous, pubescent, linely tooth- 
ed: radical leaves 6-10 in. X4 6 in., ovate-oblong, 
with winged petioles: cauline leaves variable, lyrate : 
tlowrrbeads 3-6 in. diam., orange-yellow, solitary on 
stout, hairy peduncle: acbenes c. 1/6 in. long, 
slender, with pale red pappus. 

The plant is considered to be |>oisonous. It is used 
as a disinfectant aiui parasiticide, particidarly against 
lice, fleas and ticks. The roots are used as an adul- 
terant of Kuth ; they yield an essential oil containing 
alantolactone. They also contain intilin (lO.F’,,), two 
alkaloids, namely roylene : m.p., i2o-2i‘"; 

yield, 3%) and inuline (C,,.H2;,0,N : m.p.. 165*^’ 
decom|).), and small amounts of oleoresinous matter, 
tannins and colouring matter. Roylene is non-toxic 
to ciliales and shows no antibacterial activity. It 
produces a fall in blood pressure and stimulates the 
tone and rhythmic movement of intestines when 
administered intravenotisly to uretbainized animals 
(Kirt. & Hasti, II. 1353 : Chopra, /. sci. indust r. Res., 
1952, 11 A, 239: Indian For., 1937, 4 ' 4 ' Chopra 

et al., Indian J. nied. Res., 1945, 33, 139 : Chatterjee 
Talapatra, Proc. Indian Sei. Conirr., 19^7, pt III, 124). 

/. ^randifhra Willd. is a stout herb, up to 1.5 ft. 
tall, found from Kashmir to Nepal at altitudes of 
6,000-12,000 ft. Its roots are aromatic and are report- 
ed to he tised in Kashmir as adulterant of Kuth 
(Coventry. II. 54). 

/. ^rantioides Boiss. is a shrubby perennial up to 
2 It. high, found in Kutch. It is reported to he used 
lor asthma (Kirt. & Basu, II, 1353). 

/. graveolens Desf. is a slender, much-branched 
herb, found in West Pakistan. It is reported to possess 
diuretic properties and used in calculus diseases. The 
plant contains a volatile oil (Kin. & Basu. IT, 1352 ; 
Wehmer, II, 1218). 

lonidium — see Hybanthus 

Ipecac, Ipecacuanha — Cephaelis 


IPHIGENIA Kunth (Liliaceae) 

D.F.P., IV. 476 : FI. Br. Ind.. VI. 357. 

A genus of lierhs distrihtited in Africa, souih-e.'ist 
Asia and Australasia. Three species occur in India. 

/. indica Kunth |('rAM. — Nirfyanai ; Santai. — 
Cluitia chandhol) is an erect herb, c. 1 ft. high, found 
throughout India u[) to an altitude of 7,000 ft. in the 
Himalayas. Conn globose, 0.4-0.75 inch in diam., 
tunicate with pale brown slieaths : leaves few, sessile, 
linear, 6-8 in. long, finely pointed, lower leaves larger : 
(lowers reddish or purple, solitary or corymbose : 
capsule oblong, * 4-^1 tt^- ^>ng. 3-valvcd : seeds brown, 
globular. 

'rhe flowers arc said to yield a red dve. In parts 
of Bihar, the conns are used for colic and headache 
(Bressers, 143). 

IPOMOEA I anil. (Cotivolvulaeeae) 

A large genus of twining, creeping, lloating or erect 
herbs, rarely shrubs or trees, witlely distrihuied 
throughout the tropical and warm temperate regions 
of the world. About 50 .species are found in India, 
the most important being I. batatas (sweet potato) 
extensively cultivated for its edible root tuiiers. A 
number of species have been introduced into India 
and many species are grown in gardens for orna- 
mental pur|)oses ; some are of medicinal value. 

I. aquatica Forsk. syn. /. rehtans Poir. Swamp 
Cabbagk 

D.IvP.. IV, 476: HI. 415 : C.P., 686: FI. Br. Ind., 
IV, 210 : FI. Malesiana, Ser. I. 4(4), 473. 

Hindi — Kalmisa\f, karwi, lyatuasa^ : Bfno. — 
Kahnisak ; Mak . — Nadisliaka ; — Nalanihliaji : 

Tf.l , — Tutikura ; Tam. — Vellaikeerai. 

Pt'Nf.xB Gaf It Ilian, nali, nari : nia.iii Saniali, 
nali. 

An atjuatic. trailing or floating, herbaceous jieren- 
nial, sometimes annual, witli long, hollow stem root- 
ing at the nodes, found throughout India. Leaves 
elliptic or ovate-oblong, cordate or hastate at the 
base : flowers infundihuliform, 2.5 5 cm. long, white 
or pale purple with dark purple eye. .solitary or 
in five-flowered cymes : fruit a ca[)sule, 0.8 cm. long, 
ovoid, smooth : seeds 2-4, densely pubescent. 

/. aquatica is found trailing on moist soil or mud 
along the margins of stagnant streams, fresh water 
ponds, ditches, marslies and wet rice fields : it is some- 
times found floating on water surfaces. It occurs both 
wild and cultivated and is easily propagated by 
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till tings : ii grows raiiidly producing dense masses of 
foliage within a few weeks of planting. 

'i1ie young terminal shoots and leaves are used as 
vegetable and in sala<l. Analysis of fresh leaves gave 
the following values: moisture, 90.3: protein, 2.9: 
fat (ether extr.), 0.4 ; carbohydrate, 4.3 ; mineral 
matter, 2.1 ; calcium, o.ir : and phospliorus, 0.05% : 
iron, 3.9 mg. ; carotene (vit. A), 3»3 <k) i.ii. ; 

vitamin B,, 87 f*g. : nicotinic acid, 0.6 mg. : riboflavin, 
120 /tg ; vitamin C, 137 mg./ too g. They also contain 
vitamin K, ti.8 mg./ 100 g. The leaves are a good 
source of minerals and vitaiTiins, especially carotene. 
The carotenoids present include /Tcarotene, xaniho- 
phyll and traces of taraxantlnn. Sodium, pota.ssiiim, 
magnesium, copper, manganese, silica and iodine 
(1526 /Ag./kg. of dry leaves) are present in the ash 
which is alkaline in reaction. Hentriacontane, sitoste- 
rol, sitosterol glucoside, and a higher alcohol (in.p., 
267"") have been separated from the lipoids. Pectin 
content of the whole plant is 0.76% |Intengan ct tiL, 
l^hilipp. /. iSc/., 1934, 83 , 193 : Illth Bull., No. 23, 1951, 
32 ; Basil & Goswami, Sci. & Cult., 1938-39. 4 , 299 : 
Chetn. Ahstr., 1947, 5^43* *935* 29 , 3376; 1948, 

42 , 2691 : Scharpenseel & Vienrio, Araneta /. / 1 gr/V., 
>956. 3(4). 36 1. 

The plant serves as a green fodder of high nutri- 
tive value. It is relished by cattle and pigs, and pro- 
duces no ill effects. It is also used as fish food. The 


roots are eaten by wart-hogs ; they taste sweet and are 
eaten in times of scarcity. Analysis of fresh leaves 
and stems gave the following values : moisture, 
92.3 ; protein, 2.1 ; fat, 0.2 ; carbohydrates, 2.9 ; fibre, 
0.9 ; ash, 1.4 ; calcium (CaO), 0.13 ; and phosphorus 
(PoO.,), 0.07% ; (lifre.stihlr nutrients : protein, 1.8 ; fat, 

0. 1 : carbohydrates, 2.8; and fibre, 0.8%: nutritive 
ratio, 2.1 ; and starch eijuivalent, 3.3 lb./ 100 lb. The 
whole plant contains (tiry basis): dry matter, 6.9: 
protein. 19.6; fat, 3.4: carbohydrates, 41. i ; fibre, 
20.4 ; and ash, 13.3% (Payne, Trop. Agriculture, Trin., 
1936, 33 , 302 : lialziel, 439 : Teik, Sci, Ser. Dep. Agric. 
Mala\a, No. 24, 1931, 68, 77). 

The juice of the plant is used as an emetic in cases 
of opium and arsenical poisoning. Dried juice has 
purgative properties. Leaves and stems are said to be 
cooling. In Assam, the plant is given for nervous and 
general debility. It is used also for piles. In Cambodia, 
the plant is applied as a poultice in febrile delirium. 
'Phe buds are used in the treat mem of ringworm 
(Kirt. Basil, III, 1724 : Burkill, II, 1230). 

1. batatas (Linn.) Lam. Swkkt Poiaio 

D.E.P.. IV, 478 : III. 413: C.P., 687 : FI. Br. Ind.. 
IV, 202 ; FI. Malesiana, Ser. I. 4(4), 46(;. 

Hindi — Mitlia ulu, sliakarhtnd : Bkn<;.- -L^// alu, 
rangn alu ; Mak . — Ratal u ; (iuj. — Kanangi, sakaria : 
Tel. Chclagada ; Tam. — Sakkarcivellcikilangu; Mal. 

-Chakarakilangu ; Kan . — Genasu ; Okiya —Kanda. 

Punjab — S liaka rkandi ; S a n ca i . — Sa ka rk end a. 

A slender, prostrate, trailing or ascending perennial 
herbaceous vine, producing succulent, tuberous roots. 
Leaves alternate, varialde, ovate-cordate, 2.3-8.73 cm. 
long, entire, angular or deeply lobed : flowers soliiaiy 
or cymose, 5 cm. long, funnel-shaped, white or 
purple : caj>sules globose or ovoid, brownish in 
colour; seeds 2-4, small, black, somewhat flattened. 

The origin of sweet potato is still a matter of conjei - 
turc as most of the known wild species of Jpnnioea 
differ greatly from the cultivated plants. The cyto- 
logical make-up of sweet potato also suggests the 
complexity of its origin. It is believed by some workers 
that sweet potato originated from /. tiliacea (Willd.) 
Choisy, a wild s|x;cies growing in tropical America 
(Cooley, Sci. Mon., N.Y., 1931, 72 , 323 : Thompson. 
414). 

Sweet potato is considered to be a hexaploid 
with 90 somatic chromosomes. It is of compara 
tively recent origin derived hy amphidiploidy c)l 
a tetraploid (2n — 60) and a diploid (20 = 30) species 
The plant does not generally produce flowers ; cvei 
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if it (Iocs, seeds arc rarely set. Tlic high degree of self 
incompatibility and failure to produce seeds make 
breeding of new strains diilicult. Sweet [X)iato im- 
provement was, until recently, confined to the selec- 
tion of new types which arose as somatic mutations 
and asexual propagation was followed. It has now 
been found that flowering and seed formation in sweet 
potato can he induced by various treatments and 
improvement of the crop by hybridisation has thus 
been possible. The treatments include girdling, over- 
wintering, training vines on trellis, controlling expo- 
sure to day light, foliar application of 2, 4-I) and 
grafting on root-stocks of closely related ornamental 
species without tuberous roots, e.g. /. purpurea, 
/. canwa, I. ruber, Qiumwelit sloleri and Calouyction 
uculeatum |Kchr & Ting, Genetics, 1953, 38, 672 ; 
Thompson, 42S : Richharia Ghosh, Indian J. Hort„ 
i(;54, 11 , 33 : Miller, /. llered., 1937, 28, 347 ; 1(93(9, 
30, 4S5 : Kehr et al., Proc. Anier. Soc. hart, Sci., 1953, 
62, 437 : /obel & Hanna, Calif. Agric,, 1(953, 7(7), 13 ; 
Howell Ik Wittw'er, Science, 1954, 120, 717I. 


Under conditions of induced (lowering, many of 
the flowers are sterile, and only a few seeds are pro- 
duced under special cultural treatments. Marked 
sterility of flow'crs is attrii)iited to liigh polyploidy 
and the low percentage of seed formation, to cyto- 
l(jgical abnormality ii\ meiosis of anthers which 
leads to incompatibility in the process of fertilisation. 
The types which are self-incompatible are compatible 
with other types. Self-sterile types will set seed when 
grown in close proximity to other types or when 
artificially |M)llinate(l. Thus production of new' strains 
has, in recent years, been effected by means of seed- 
lings raised from seeds which have naturallv set or 
from seeds obtained by controlled cross pollination. 
In India, breeding work on swxei potato has been 
carried out in several places, and the lechnicjuc of 
training vines to trellis is adopted to induce llower- 
ing (Thompson. 42S : Abraham, Indian ]. Genet., 
1957, 17, 212 : Rao. Curr. Sci., 1(^47, 16, 156- 
Plant Breed. /l/;.s 7 r., 1(754, 24, 35; Sampson, Kezv 
Bull. Addl Scr., XII, 1(736. 204 - Miller, /. Ilrrcd., 
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1939, 30 , 485 ; Sainpath & Bliaiiumiirty, Madras 
agrk, /., 1948, 35 , 72 ; Chattcrjec & Nag Biswas, /. 
Indian hot, Soc., 1952, 31 , 352). 

Sweet |X)tato is widely grown throughout the tropi- 
cal and some parts of temperate regions in Africa, 
India. China. Japan. Malay Archipelago, the Pacific 
Islands, tropical America and southern United States. 
In India, it is grown in practically all the Stales and 
ranks third in im|X)rtancc among tuber crops, exceed- 
ed hy potato (6 lakh acres) and tapioca or cassava 
(5 lakh acres). The area under sweet potato cultivation 
is about 4 lakh acres, the major areas being Bihar 
and Uttar Pradesh, followed by Mysore, Kerala, Bom- 
bay, Orissa, Madras and Madhya Pradesh. Bihar and 
Uttar I^raclesh together account for nearly 60“/, of the 
total area. Table i summarises the acreage and 
production of sweet potato in the principal States of 
India. 

Sweet jW)talo is cultivated in most of the districts in 
Bihar. In other States, the principal areas of cultiva- 
tion are: Siiltanpur, Ktah, Pratapgarh, Badaun, 
I'arukhahad, Allahabad. Basri, Shahjahanpur and 
(^)nda districts in U.P. : the suh-montane and central 
districts in Punjab ; Midnapur, llooghly, Murshida- 
bad. Howrah, 24-Parganas and Nadia districts in West 
Bengal : Tiruchirapalli, S. Arcot, N. Arcot, Madurai, 
'rinmelveli and Chinglepet districts in Madras : 
Visakhapatnam, Srikakiilam, Cuddapah, Chittoor and 
West Oodavari districts in Andhra Pradesh : 


S. Satara, N. Satara, Sholapur, Poona, Nasik, Kaira, 
Thana, Kolaba, W. Khandesh and Ahmednagar 
districts in Bombay ; Belgaum, Bijapur, Kanara, 
Hassan, Chikmagalur, Bangalore and Kolar districts 
in Mysore : and Malabar in Kerala. 

The tuljers are produced close to the base of the 
main stem or at nodes of trailing vines that rest on 
the ground. Tubers may be of bunched habit when 
close to the stem or they may be borne on laterals. A 
plant produces 40-50 tubers of various sizes. The 
length may vary from a few inches to a foot : they 
may be spindle-shaped or almost spherical. The 
surface may be smooth and uniform or it mtiy be 
irregularly ribbed : the colour of the skin may be 
white, creamy, yellow, brown, golden, ])ronze, red, 
purple and pinkish and the colour of flesh may also 
vary from white through shades of yellow to red and 
purple. The weight of a single tuber varies from a few 
ounces to 2 lb. or more : in rich soil tubers 3 to 12 lb. 
in weight have been raised (Cobley, 173; Hector, 11 , 
948-49: Mudaliar, Madras t/gnV. /., 1950. 37 , 421 : 
Nicholls & Holland, 450). 

In America, attempts have been made to classify 
sweet potato types, on the basis of morphological 
characters, into eight major groups. The types are 
further divided, according to cooking character- 
istics, into those which give a dry mealy flesh and 
those which give a soft, moist, sweet flesh when 
cooked : the latter are often erroneously called yams. 


TABLK l~ACREAGE AND PRODUCIION OI- SWEET POTATO IN INDIA' 


.\rc*a (1,000 acrc.s) I^roduciion (1,000 ions) 


Sialcs 

"^1951 52 

1952-53 

1953 54 

1954 

55 195556 

"^951 52 

1952 53 

JL 

1953^54 

I9.S4 .S5 

1955-56 

llilMi 

2IS 

1S7 

162 

ISO 

1 28 

411 

303 

.447 

4.45 

271 

IMliir I'raarsh 

77 

77 

102 

I3S 

105 

378 

207 

518 

671 

500 

Mysore 

2"' 

29 

2S 

2S 

29 

108 

116 

III 

118 

119 

Kerala 

15 

13 

14 

26 

22 

38 

. 38 

.46 

59 

,^5 

ItdMiliay 

20 

20 

21 

21 

21 

63 

72 

72 

85 

106 

( )rissa 

IS 

27 

27 

20 

20 

16 

33 

.43 

8 

8 

Madras 

19 

9 

22 

14 

16 

68 

32 

82 

56 

6.4 

Madliya Pradesh 

15 

12 

14 

15 

15 

34 

27 

30 

32 

31 

Assam 

(i 

15 

If 

13 

14 

10 

20 

15 

18 

19 

Andhra Pradesii 

y 

S 

S 

9 

7 

.43 

30 

28 

35 

25 

West Itengal 

6 

(i 

7 

7 

7 

24 

24 

25 

25 

25 

Others 

1 

A 

5 

6 

5 

5 

9 

II 

11 

9 

Total 

431 

407 

421 

477 

389 

1,188 

911 

1,308 

1.553 _ 

1,231 

* Area & rrod. 
1057, 6, 7. 

M'ttor (Non fora 

i'(tst) Crops 

in Reorf^anisvd 

V/rtfev (1949/50 19S5/.'?6), DirvcUiratv h 

:tow. & Statist., (Invt. 

of India, 
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lm{X)rtant among the commercial types are: Yellow 
Jersey, Big-stem Jersey, Triumph and Gold Skin with 
mealy flesh and Nancy Hall, Puerto Rico, Dooley and 
Pumpkin Yam with soft flesh. Types Pelican Proces- 
sor and Whitestar have been isolated for the produc- 
tion of sweet potato starch (Thompson, 422-27 ; 
Boswell, Fmrs' Bull, U.S, Dep Agric,, No. 2020, 1950). 

Sweet potatoes cultivated in India may be grouped 
under two main types broadly distinguished by the 
colour of the tuber coat ; they are the white-skinned 
types and the red-skinned types, the colour of 
flesh being white in both ; a type with brownish skin 
is sometimes met with. Tubers of the red type are 
generally smaller in size than those of the white type 
which are also more uniform in shape and possess 
better keeping quality. The red type is sweeter and 
less fibrous or stringy than the white one. In North 
India, the red type is preferred, while in S. India the 
white type is favoured (Mollison, III, 193 ; Patel, 
Poo7ia agric. Coll. Mag., 1950-51, 41 , 120; Farm 
News Release, Indian Conn, agric. Res., No. 64). 

A few types from China and America have been 
obtained and selections from them are recommended 
for cultivation. Pusa Suffaid (also known as V.2) 
is a white-skinned and white-fleshed, high yield- 
ing selection from a Chinese type, F.A, ly White, 
It bears elongated tubers which keep well under 
storage ; the flesh after cooking is creamy white in 
colour, sweet, non-fibrous and very -palatable. Pusa 
Suffaid is suitable for growing in the Punjab, Rajas- 
than, Uttar Pradesh, Bihar, Bombay, Mysore and 
Madras. V.12, a Chinese type {J'ie Shin Tun) grown 
in Madras and west coast yields large, elongated and 
white-skinned tubers with light purple shade towards 
the centre. V.6 obtained from a Chinese type, 
F.A. ly Red, and grown in the Punjab, yields long, 
thick, red tubers with non-fibrous flesh. Pusa Sunehri, 
a selection from an American complex cross (Porto 
Blanco x Waanop) x Australian Canner, yields elon- 
gated tubers with light brown skin and yellow flesh ; 
cooked flesh is orange yellow, moist, sweet and pala- 
table ; it is not as high a yielder as Pusa Suffaid. 
B. 4004, an American type selected in Bombay, 
hears long, thick, spindle-shaped, white-skinned 
tubers with red or light purple streaks at both ends ; 
the flesh is cream-coloured. It is high yielding and 
early maturing. It is also grown in the Punjab, Madras 
and west coast under the name F.B. 4004 or 

8. In the Punjab, V, /j isolated from an American 
type B, 21 g, produces medium-sized, spindle-shaped, 
red-skinned tubers, the flesh of which is fibrous. In 


Bihar, two American types. Ranger and B. S94h have 
been selected. Ranger yields long, thick tubers with 
purple skin and light yellow flesh. It is sweeter than 
any of the Indian varieties. B. ^^41 has long tubers 
bulging at the centre with purple skin and light 
orange-coloured flesh. Both are high yielders and 
rich in sugar and carotene. High yielding types iso- 
lated in Mysore arc Decnabandhu, Sojiga, Raja and 
Kiribatala, the last one being of Ceylonese origin. 
A large number of high yielding strains have been 
evolved in Kerala | Singh & Bhagchandani, Indian 
Fmg, N.S,, 1955-56, 5(6), 26; Chavan & Aptc, 
ibid., 1954-55, 4 (io), 7 ; Purewal & Singh, Punjab 
Fmr, 1953, 5 (i), ii ; Annu. Rep. Indian Coun. agric. 
Res., 1953-54, 5 >'' 5 - ^ Ail, bidian Fmg, N.S., 1956-57, 
6(5), 23 ; Singh & (ihosh, ibid., 1955-56, 5 ( 8 ), 23 ; 
Iyengar & Doraswami, Mysore agric. J., 1951, 27 » 
29 ; private communication from Prof. Abraham, 
Trivandrum]. 

CUL'IIVAIION 

Climate and Soil — Sweet potato recpiires a warm, 
moist and long growing season ; humidity should 
be low when the crop approaches maturity. It grows 
best where the mean tem|>erature is above 72®F. It is 
sensitive to frost but it can withstand drought. A 
well-distributed, fairly low to moderate rainfall 
(30-50 in. anually) is necessary for growth. In areas 
of high rainfall, tlic crop is grown towards the close 
of the wet season, and in areas of low rainfall, irri- 
gation is retjuired. Sweet potato can be grown on a 
variety of soils, but it is l)est adapted lo friable well- 
drained sandy loam (/iH, ^.oS.S) with clayey sub- 
soil. It does well on light sandy soils, lightly 
manured. Good drainage is essential. Heavy and rich 
soils tend to produce excessive vine growth at the 
expense of tuber formation ; tubers of vines growing 
in rich soils are likely to be rough and irregular in 
shajxr. In areas which arc not suitahlc for other 
vegetable crops or on new land sweet potato can give 
good yields. It can be grown also in dry river Ixrds 
(Thompson, 414-15; Purewal, 81; Mollison, III, 
193-94 ; Boswell, loc. cit. ; Work, 317). 

Preparation of land-— -The land should be repeat- 
edly ploughed and harrowed to a depth of about 
6 in. and brought to a fine tilth ; deeper ploughing 
is not recommended as it results in long slender 
tubers. After ploughing, beds are prepared for plant- 
ing, and where rainfall is heavy or the soils drain 
poorly, ridges 10-14 in. high are thrown up. Sweet 
potato is a heavy feeder and depletes the soil nutrients 
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rapidly and should not he grown loo often in the 
same area ; the crop does not follow any particular 
rotation but it is advisa!)lc to raise other crops in the 
area for tliree or four years before it is again planted 
(Boswell, loc. cit. : Purewal, 8i). 

Mauuriug — Sweet potato responds to good soil 
management ami mamirial treatment. In heavy fertile 
soils, manure is not usually applied. In less fertile or 



5 20 tons jK'r acre ; cattle are sometimes penned in 
the field. In the west coast districts of Malabar and 
S. Kanara, wood ash, fish guano, tobacco stems and 
green leaves are applied as manure. When sweet 
potato follows a previously manured crop, no other 
manure need be applied : thus in Madras, it is not 
ustial to apply any manure as the crop generally 
follows heavily manured ragi (Elvushic amuana). 
Application of 5 (k) lb. of bone meal or 650 lb. of a 
mixture containing ^ parts bone meal, 4 parts ground- 
nut cake and 1 part of potassium sulphate per acre is 
reported to have given good results. Top dressing at 
the rate of 6(i lb. of ammonium sulphate gives a 
higher yield of luhers. On light sandy soils, a dress- 
ing of 30(.) lb, of siiperpbospbate and kx^ lb. of ammo- 
nium sulphate per acre is given. Ferlilizers are worked 
into the rows on ridges or in flat beds where cuttings 
are to be set. Oreen manuring has also proved bene- 
ficial fMudaliar, loc. cit. : Patel, Pooita agric. Coll. 
Mag., 1950-51, 41 , 120; Singh Bhagchandani, 
loc. cit. : CMiatigule < 1 ^ Sendage, Farmer, 195S, 
’(5)' 2l |. 

In America, high yields have been re|)orted 
from areas receiving application of i,(kk)-i,5(k) lb. of 
fertilizer (N, 2 4% : P, 0 ,, 27;'. : and K, 0 , 8-10%) per 
acre. The ([uantity of nitrogenous fertilizer is reduced 
in the case of soils treated with green manure or 
animal manures, (iooil respon.se to the application of 
potash is obtained from light sandy soils. The ferti- 
lizer is applied in two stages; a ])art of it is worked 
into ridges about 2 weeks before planting : the rest is 
applied as a top dressing to the sides 2-3 weeks after 
planting (Boswell, loc. cit.). 

Profyagatiou 'riioiigh a perennial, the crc»p is 
treated as an annual under ciilrivalion. It is grown 
as a summer crop in the sub tropical plains and on 
the lower hills of northern India. 'I’w'o crops arc 
usually raised in parts of Bihar and Bengal, one in 
August-September and the other in December -Janu- 
ary, both under rainfed conditions. In South India, 
sweet potato is grown in more than one season ; in 
the districts of Vi.sakhapatnam (Andhra), Malabar 


and S. Kanara, the crop Is grown during the south- 
west monsoon (planting in June) ; a second crop is 
raised in Visakhapatnam district during the north- 
east monsoon (planting in September). As an irrigated 
crop, it is grown throughout South India in Septem- 
her-November or even later. In Nilgiris, the crop is 
fed by pre-monsoon rains (April-May). In areas of 
heavy rainfall in western ghats, it is grown on terraces 
I Singh Bhagchandani, loc. cit. ; Mudaliar, loc. cit. ; 
Mollison, III, 194; Jmiian horl. Abslr., 1954, 
4(7), 12J. 

Sweet potato may be propagated by seeds ; the 
seedlings prodticed are very variable and propagation 
by seed has been used mostly for selection work. The 
seeds have a hard coat and germination takes a long 
time, unless the seeds arc pre-treated. The seed coat 
may be scarified or seeds soaked in cone, sulphuric 
acid (sp. gr., 1.84) for 20 minutes and washed in warm 
water before sowing ; better results are obtained by 
increasing the soaking period to 45 60 minutes and 
notching the coat with an emery grinding wheel 
(Hector, If, 960; Venkataratnam & Satyanarayana 
murthy, Ctirr. Sci., 1953, 22 , 29 ; Martin, Proc. Amcr. 
Soc. Iiort. Sci., 1946, 47 , 387). 

For raising crops sweet potato is propagated vegeta- 
tively by vine cuttings obtained from the previous 
year's crop or by s|>rouis raised from tubers. Propa- 
gation by cuttings is favoured as it is cheaper, freir 
from soil-borne diseases, and the tubers produced 
are of uniform size and shape. I’hc jdaniing material 
is obtained from a nursery, in which cuttings from 
fairly mature |X)rtions of stems have been previously 
planted 9-12 in. apart. The nursery is irrigated once 
in 4-7 days in the early stages and at longer intervals 
afterwards. The cuttings take root readily and the bed 
is covered with trailing vines in 2-3 months. Ctittings 
from vines in the primary niu\sery are replanted once 
or twice to get sufficient planting material (Thonipvson, 
418 ; Boswell, loc. cit. : Mollison, 111 , 194 ; Mudaliar, 
loc. cit. ; Cbandrasekharan Sundararaj, Madras 
(fgne. y., 1949, 36 , 134). 

For raising planting material from tubers, selected 
tubers are planted in a nursery. The beds are 
thoroughly prepared and manured : sometimes 
ammonium sulphate is a|)plied. Tubers are placed 2 3 
in. deep in the soil and beds arc lightly watered. 
Kach tuber produces a numl>er of sprouts, also called 
slips or draws. The sprouts grow to a length of 
9-12 inches in 4-6 weeks, when they are pulled 
out and transplanted in the field on ridges 3 ft. apart, 
the distance between plantings being i-C/i ft. Two 
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or more crops of slips are collected from the nursery 
for planting. Slip planting is the usual method of pro- 
pagation adopted in America. In India, the practice 
is different ; slips are allowed to run into vines in the 
nursery and cuttings are taken from the vines 
for planting [Singh & Bhagchandani, loc. cir. : 
Mtidaliar, loc. cLi. : Doraswami & Iyengar, Mysore 
agric. /., 1945, 23 , 129 ; Bailey, 1947, 3 ^ 9 ^ • 

Chandrasekharan & Sundararaj, loc. cit. ; Purewal & 
Singh, Punjab Fmr, 1953, 5 (i), n |. 

The vine cuttings, i-i'/z ft. long, with 3-4 nodes 
are planted on ridges or in flat beds in loose moist 
soil. The ridge method of planting is preferred. The 
ridges are spaced 2-25/2 ft. apart, the distance 
between plantings on the ridge being 9-12 in. 'I'he 
cuttings are set on both sides of the ridges half way 
on the slope. Thv central part of the cuttings is 
buried deep into the wet .soil leaving the two ends, 
with one node on each side, exposed. When planted 
in Hat beds, a spacing of 9-12 in. between cuttings 
is allowed, the distance between rows being I'A ft* 
The rate of planting material j>er acre varies from 
i5,cx>o to 30,000 according to type grown, nature of 
soil, method of planting and the spacitig between 
cuttings (Mollison, III, 194-95 • Mtidaliar, loc. cit. ; 
Singh & Bhagchandani, loc. cit. : Patel, loc. cit.). 

Cultural operations -Once the crop is established, 
no further cultivation is needed : the field re(|uires 
weeding in the early stages. During dry weather, 8 20 
irrigations are applied between transplanting and 
liarvesting. Trailing vines tend to strike roots 
at points where nodes come into contact with moist 
soil, which later develop into small thin tubers, there- 
by adversely affecting the development of the main 
tubers. To obviate this, vines are periodically turned 
over to disturb the root development at contact 
points. Ridges are earthed up during the growing 
season to maintain their height and shape (Mollison, 
III, 196 ; Mudaliar, loc. cit. ; Singh & Bhagchandani, 
loc. cit.). 

Diseases and Pests — ^The fungal diseases affect- 
ing sweet potato in Intlia are of minor importance. 
Tliey include leaf spot caused by Cercospora 
batatae Ziinm., white blister catised by Cystopus 
ipomoeae^panduratae (Schw.) Steven & Swing., and 
black rot caused by Rbizoctonia solani Kuhn (Indian 
/. agric, Sci., 1950, 20 , 107). 

The only serious pest of sweet potato reported in 
India is the weevil (Cylas formicaritts Fb.). The grub 
bores tunnels into vines and tubers in the field 
and also tubers in storage. Infested vines die and dirty 


patches appear on the surface of affected tubers. 
Weevil incidence is reduced by adopting plant sani- 
tation methods, such as using only uninfested and 
disinfected material for planting, practice of crop 
rotation and destruction of infested vines and tubers ; 
cleaning the field after harvest : earthing up of rows 
or ridges before tuber formation ; ap|)lication of 2% 
Dm' dust in nursery beds and furrows before plant- 
ing and also dusting the crop frecpiently. Vine 
cuttings, before planting, may be dipped in tobacco 
decoction or 2*,',. 1)1 XF solution, or exposed to 
Gammexane fumes ; elimination of Convolvulus 
spp. which act as alternate hosts for the weevils from 
the field is recommended. Spraying of crop with 
Parathion and Dieldrin, three times a month, has 
proved effective in controlling weevils ; applications 
of Gammexane and llexyclan (BUG group) have 
also given good results. Fumigation of storage houses 
with methyl bromide at the rate of i lb. per i.mc) 
cii. ft. for 4 hr. destroys the pest : infested tubers 
should he destroyed and the rest fumigated (Rama- 
krishna Ayyar, 260-62 : 'rrehan & Bagal. Curr. .Vc/., 
1949, Mudaliar, loc. cit.; Pann Nezvs Re- 

lease, Indian Coun. agric. Res., No. 180, 1956 : Sat- 
pathy, Sci Cult., 1955-56, 21 , 688 ; Anantha- 
narayanan & Suhramanian, Madras agric. /., 1958, 
45 , 74 ; Mem. Dep. Agric. Madras, No. 36, 1954, 95^). 

Minor insect pests of sweet [>otato are vine borer 
(Oniphisa anastoniosalis 1 ).) : leaf beetles (Aspido- 
niorpha miliaris I*'., Metriona circumdata II., Chiri- 
dia sernotata B. and Oncocephala tubcrculata O.) : 
and leaf caterpillars (Herse convolvuli L., Catepbia 
ifKjuicta W., Braclunca e[fcra M., Junonia orthyia L., 
Euchromia polynicna L. and Diacrisia obliqua W.). 
A scolytid beetle (Stcphanodercs sp.) has been record- 
ed from Coimbatore in stored tubers. Field rats, 
white ants and wild pigs damage the cn)p (Rama- 
krishna Ayyar, 262-64 ; Suhramanian, Curr. Sci., 
1955, 24 , 209 ; Doraswami & Iyengar, Mysore agric. 
/., 1945. 23 , 129 ; Solomon. BtdI. Dep. Agric. Bombay, 
No. 186, 1951. 165). 

Harvesting and Yield — ^The crop comes int(^ hear- 
ing in 4-5/'2 months from planting. Harvesting be- 
gins a fortnight before the crop is fully mature and 
continues for a fortnight or so after full maturity ; 
where proper storage facilities for tubers are unavail- 
able, the crop may he left in the field a little longer 
and tulK*rs dug up as needed. The tubers are consi- 
dered to be mature and ready for harvest when the 
leaves begin to turn yellow ai\d drop off. A more re- 
liable indication of maturity of crop is provided by 
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cutting throiigli a fiiher dug out Iroin the field ; 
if the juice dries up readily without discolouration, 
the tuber has attained maturity ; if the cut surface, 
however, changes to a dark or greenish colour, the 
tidier is still immature. Vines are cut. close to the 
ground and the field cleared of surface growth. An 
interval of a week or so between the cutting of vines 
and harvesting of tubers improves the sweetness of 
the produce. Harvesting should he done when the 
soil is dry and the weather is fair. The lield is dug 
up and exposed tubers are lifted to the surface. Care 
must be taken to prevent injury to tubers by cutting, 
bruising, etc. which facilitates the entrance of decay 
organisms. The tubers are dried in the sun for a 
week, freed from adhering soil and taken to the 
market (Mollison, Iff, 196 : Mudaliar, loc. cit. : Singli 
& Bhagchandani, loc. cit. : Boswell, loc. cit.). 

The average yield of tubers varies in different 
areas from 8,000 to 24,o(X) Ih. per acre. There has 
been considerable improvement in yields since the 
introduction of selected tyfX's. Puma Sufjaid, a high 
yielding variety is reported to give a yield as high as 
32,000 lb. per acre (Roberts & Kartar Singh, 380 ; 
Milne ci aL, 116; Mukerji, 270: Ambekar, Hull. 
Dcp. Agric. Bnmhaw No. 146, 1927, too; Patel, loc. 
cit. ; Mudaliar, loc. cit. : Singh & Bhagchandani, 
loc. cit.). 

Storage 'Puhers intended for storage are harvest- 
ed a little later than usual and cured to hasten the 
healing of wounds caused during lifting. The usual 
practice in India is to spread the tubers in the sun 
during the day and either transfer them to a room 
during the night or cover them with a tarpaulin : ex- 
posure to sun is continued for about a week or more. 
The tubers are then stored in ventilated rooms, fre- 
quently inspected and tubers which show signs of 
rotting arc [x*riodically eliminated (Farm Nezes Re- 
lease, Indian Conn, agric. Res., No. 173, 1956). 

Sweet |X)tato tubers may be stored in sand or 
straw : they may also he stored in pits between 
layers of wood ash. They may be split longitudinally 
into slices, sun-dried and stored, fn America, the 
t idlers arc cured in store houses under controlled 
temperature and humidity conditions. Curing is 
effected at 80-95'^ F., relative humidity 85-90%, the 
period of treatment varying from one week to three 
weeks according to the type to be cured. The tempera- 
ture in the store house is lowered gradually to 
50-55°F. (5 o®F. in some cases), the humidity being 
maintained at 80-65%. Under these conditions tubers 
keep well for 3-7 months (Venkataramayya, Madras 


agric. ]., 1947, 34 , 89 ; Schery, 430 ; Mudaliar, loc. 
cit. ; Lutz & Simons, Fnirs' Bull. U.S. Dcp. Agric., 
No. 1442, 1948 ; Thompson, 436-37 ; Cooley et al„ 
Econ. Bot., 1954, 8 , 21). 

UriLIZAllON 

Sweet potato is used as food after boiling, baking 
or frying. It may be candied with syrup or used as 
puree and in cscal loped form. In U.S.A., considerable 
quantities are canned after peeling. In India, tubers 
are ground into flour and u.sed for cliapalies and con- 
fectionery. Recipes for preparing various types of 
dishes from tubers have been worked out. Sweet 
potato has lieen used as a raw material for production 
of starch, pectin, sugar syrup and industrial alcohol 
(Jacobs, II, 1307: Dawson et al., Ycarh. Agric. U.S. 
Dep. Agric.f 1950 51, 195 : Mem. Dcp. Agric. Madras, 
No. 36, 1954, 421, 1399). 

Chemical composition — ^The average composition 
of Indian sweet potato is as follows : moisture, 68.5 : 
protein, 1.2; fat, 0.3; carbohydrates, 31.0: and 
mineral matter, 1.0%. The composition varies with 
the type of sweet potato, conditions of growth and 
duration of storage after harvesting, ’fhe usual range 
of values for different constituents is as follows: 
moisture, 58 -75: protein, o. 5-3.5 : fat. 0.2 -1.5; N- 
free extr., 18.0 37.0: sugars, 2.2-5.6 : fibre, 0.6-2 .5 : 
and ash, 0.6- 1.5%. Indian types with white flesh con 
tain lit tile or no carotene, while American types with 
pink flesh (experimentally grown in India) contain as 
high as 5.4-7. 2 mg./ kki g. of carotene. Vitamins 
present in the tubers are: thiamine, 0.0c; 0.14: ribo- 
flavin, 0.05-0.10: and vitamin C, 16 22 mg./ 100 g. 
Large tubers generally contain more vitamins than 
small ones. The concentration of vitamins is higher 
in the inner core than in the outer portion (Illth Bull.. 
No. 23, 36 : Thorpe, I. 656 : Murthy & Swami- 

nathan, Curr. Sci., 1954, 23 , 14 : Sherman, 692 : Chem. 
Abslr., 1951, 45 , 10429). 

Sweet [lotatoes are rich in starch. Sucrose and a few 
reducing sugars are present, but maltose, mannose, 
galactose and jientose occur, if at all, only in traces. 
During storage, a part of the starch is converted into 
reducing sugars and siibseijuently into sucrose. Hius 
in a sample stored for five months, the starch content 
was reduced from ig.i% to 14.1% while the percen- 
tage of reducing sugars (as dextrose) and sucrose 
increased from 0.9 to 1.7 and 1.9 to 6.1 respectively. 
Cooking is accompanied by a considerable increase in 
sweetness as a result of the hydrolysis of starch to 
maltose and dextrins through the action of / 3 - 
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amylase. Analysis of cooked tubers gave the follow- 
ing figures: total solids, 32.55; alcohol insol. solids, 
18.29 J rt^diicing sugars, 6.45 ; sucrose, 2.23 ; maltose, 
8.64; dextrins, 0.51; and polysaccharides, 14.13% 
( Jacobs, II, 1303 ; Thorpe, I, 656). 

The nutritive value of sweet potato proteins com- 
j)ares well with other vegetable proteins. Kxperiments 
on human subjects receiving steamed sweet potato 
as food gave the following values for the rates of 
absorption (av. values) of various constituents: jno- 
tein, 66.9712.38; fat, 85.6618.94: carbohydrate. 
98.50i0.23 ; fibre, 9.6615.14 : and ;ish, 51.81 16.91%. 
The following proteins have been identilied : a 
globulin soluble in 5% sodiutn chloride, 680; water- 
sol. protein, 11.3: a protein soluble in 0.2% sodium 
hydroxide, 5.4 : prolamin, 4.0 ; and a protein solu- 
ble in hot 5% sodium chloride, 1.3%. I’he distribu- 
tion of nitrogen in the |)iirified globulin (N, 15.07%) 
is as follows: humin N, 2.34 : amide N, 8.38 : histi- 
dine, 1. 01 : arginine, 4.28 : lysine, 3.98 ; tryptophan, 
1.89 : tyrosine, 4.44 : and threonine, 4.13" - The e.ssen- 
lial amino aculs |>resent in the total proteins are as 
follows (calculated to 16.0 g. N): arginine, 2.9 : histi- 
dine, 1.4: lysine, 4.3; tryptophan, 1.8: phenyl- 
alanine, 4.3 : methionine, 1.7 : threonine, 3.8 : leu- 
cine, 4.8 : /.so-leucine, 3.6 : and valine, 5.6 g. (D.nwson 
ct (iL, Yrarh. Agric. IKS. Dvp. /IgWc., 1950-51, 195: 
Chem. /1/;.s7r., 1954, 48, 9498 : i95<), 44, 3ck; 4 : Block 
1^: Bolling, 492). 

'Fhe pectic substances (total, 0.78 : soluble, 0.43%) 
present in fresh tubers contain: uronic acid, 60 : and 
methoxyl, 4-5%. Pectin content up to 3% has been 
reporte(l in certain high-starch types. Other consti- 
tuents reported in the tubers are: phytin (1.05‘V,), 
two mono-amino-phosphaiides (|)robahly lecithin and 
cephalin), organic acids (oxalic acid, 0.1%), phyto- 
sterolin, phytosterol, resins, tannins and colouring 
matter (Kertesz, 322, 413 : Dawsoii ct uL, loc. cit. : 
Thorpe, I, 656 : Winton & Winton, 11, 108). 

Sweet potato contains the following mineral con- 
stituents: calcium, 30; magnesium, 24: potassium, 
373 ; sodium, 13 : phosphorus, 49 : chlorine, 85 : sul- 
phur, 26: and iron, 0.8 mg./i(x^ g. : iodine, 4.5 
/<g./kg. : manganese, copper and zinc are present in 
traces (Sherman, 687; Winton & Winton, II, no: 
Patnaik, Indian J. nicd. Res., 1934, 22, 259). 

The enzymes reported to be present in the ttihers 
arc: amylase, protease, invertase, catalase, laccase, 
arabinase, galacfanase, polygalacturonase, |K:roxida.ses. 
monophenolase, catecholasc, cytochrome c-oxidase, 
phosphorylase and phosphatases. The occurrence 


of two thermolahile trypsin inhibitors and gluta- 
thione reductase is also recorded. "I'he amylolytic 
Jictivity is [)ronounced (activity of pressed juice 
of the tuber, 130° Lintner). 'liic amylase present 
is mainly /3-amylase with optimum activity at />I1, 

5.5- 6.0 and temperature, 50-55'" : it is most stable 

in the pH range corresponding to its optimum 
activity. The inner portion of the tubers show 
greater amylolytic activity than the layers near 
the surface. The p\\ optimum for phosphatases is 
5.3-5.7 (Jacobs, II, 1306: Giri, /. Indian chem. 
Soc., 1934, 11, 339 ; 1938, 15, 249 : Sluikla, ibid., 
1944, 21 , 223 : Sohonie & Bhandarkar. /. sci. industr. 
Res., 1954, 13B, 5(X) : Sohonie & Ilonawar, Sci. 
Cult., 1955-56, 21, 538 : Balls cl al., J. hiol. Chem.. 
1948. 173, 9: Arthur & McLcmore, /. agric. Fd 
Chem., 1956. 4, 553: Chem. 1953, 47, i<x)7o. 

10569, 1794: 1952.46, 11265). 

'Phe tubers infected with black rot (Ccralosti)mcIIa 
fimbriala) yield an essential oil (0.14 :,,) containing a 
ketone, ipomoeamarone (CiTI^aO., ; h.p., 140 44" T) 
mm.) as the chief constituent. Three substances have 
been isolated from the acidic fraction of the oil. viz. 
furan-3-carboxylic acid, trans-chmiiwnc acid and a 
furan keto acid, named hatatic acid (C,.dl,.X), : m.p., 

88.5- 89.5®). The oil is toxic to animals : oral adminis- 
tration to rats in doses of o. 1-0.2 g. of oil/ 120 150 g. 
body wt. proved fatal within 27-42 lir. A dosage of 
0.3 g. of oil/day had no ill effects on human subjects. 
Ipomoeamarone and a fraction of the oil boiling 
below 120® at 4 mm. possess anthelmintic properties 
(Chem. Ahstr., 1952. 46, 9263 : 1953, 47, 2361 : Kiihata 
^ Naya, Chem. & hid., 1954. 1427). 

Starch — Sweet potatoes have been utili.sed com- 
mercially for the production of starch in Japan and 
U.S.A. The process consists of grinding the tubers 
with lime water and separating the starch from the 
pulp by washing over a series of fine screens. Lime 
water (pll. 8.8-9.2) flocculates the impurities and 
dissolves the pigments |)resent. The starch suspension 
is treated with sodium hypochlorite and centrifuged. 
It is then dried to c. 12'V, moisture in a vacuum drier, 
pulverized and screened. The product obtained 
(recovery, 85",,) analyses to: moisture, 13.21 : ash. 
0.396; protein, 0.069: water soluble matter, o. 11 : 
and starch, 85.57% : amylose content of starch, 

17.5- 21.7%, (av.. 20.4'‘'r,). 'Fhe granules which are small 
in size (diam., 3-26 /a : av.. 16 /*) resemble corn starch 
granules in sha|K* rather than tuber starch granules 
(Radley, II, 14-17 : Brautlechr, 146-81 ; von Loesecke, 
327 : Gordon et al.. Cereal Chem., 1951, 28, 30S). 
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The starch is suitable for sizing pa[>er and textiles 
and for use in laundries. It is outstanding for warp 
sizing purposes ; in laundry work it is superior to 
other starches in imparting smoothness and stiffness 
to fabrics. It forms a clear stable gel with high hold- 
ing capacity and forms a useful ingredient of food 
products, confectionery and bakery industries. It is 
employed in the manufacture of adhesives and 
dextrins. compositions for insulating fabrics, and 
coating formulations for dry cells. It is also used in 
c )smetics (Radley. II. i6 : Thurher cl al„ Yenrh, 
A"nc. U.S. Dep, Agric., 1950-51, 165). 

'fhe spent jiiilp or ])omace left after the extrac- 
tion of starch is pressed, dried and tised as cattle 
feed. Analysis of pomace gave the following 
values: dry matter, 90.2; protein, 2.5: fat, 0.3: 
fibre, 9.6: N-free extr., 71.8; mineral matter, 6.0; 
digestible protein. 0.4 : and total digestible nutrients, 
69.0* 0 ; and nutritive ratio, 171.5 (Thtirher cl aL, loc. 
cit. ; Morrison, 1064). 

Flour Sweet |)otato flour, prepared by dehydrat- 
ing and grinding the tubers, is tised as a supplement 
to cereal flours in the preparation of bakery 
products, ptiddings and milk jelly (fintt). It 
can be mixed with wheat flour up to 25% for making 
chupatics and bread. It acts as a dough conditioner 
in bread mantifacture : it also functions as a stabili- 
zing agent in ice-cream. It may be used in brewing 
along with malt Hour, as it contains both starch and 
amylase. A mixture of sweet potato flour and ground- 
nut cake Hour, in 4 to 1 proportion, is superior to 
rice in nutritive value |Jain cl aL, J. sci. imluslr. Rcs„ 
1951, lOA, 332 ; Murthy cl al., ibid., 1950, 9B, 173 ; 
Dawson, Ycnrb. Agric. U.S. Dcp. Agric., T95t)-5i. 
204 ; Mem. Dcp. Agric. Mndru.s, No. 36, 1954, 879 : 
Cobb, Chemurg. Dig., 1949, 8(5), 19]. 

Sweet potato Hour can be employed as a coagulant 
in slurry tbickeners in the process of extracting 
alumina from bauxite. It is also used as moulding 
sand conditioner (Cobb, loc. cit.). 

Feed Low grade sweet potati) is utilised in U.S. A. 
as a carbohydrate-rich feed for livestock, es|)ecially 
pigs, after chopping and dehydration. The dried 
material is ecpial to corn in total digestible nutrients, 
hut low in protein. It is usually supplemented with 
|)r()leiti-rich feeds. The average composition of dried 
sweet potato meal is as follows: dry matter, 90.2: 
protein, 4.9 ; fat, 0.9 : fibre, 3.3 ; N-free extr., 77.0 ; 
mineral matter, 4.1 : calcium, 0.15 ; and phosphorus. 
0.14% ; digeslihilily cocfficiculs : protein, 14 ; fat, 74 ; 
fibre, 37 ; and N-free extr., 90% : total digest- 


ible nutrients, 72.7%; and nutritive ratio, 102.9. 
Feeding trials on pigs have .shown that cooked 
meal with protein supplement produced as much 
gain in weight as did corn with the same supplement. 
Chopped tubers are also suitable for ensilage 
I Morrison, 391, 556, 1064; Cobb, Chemurg, Dig., 
1949, 8(5), i9|. 

The vines .serve as a nutritive and palatable green 
feed for cattle. The average yield of vine in Madras 
is reported to vary from 8,000 to 29,000 lb. [x:r acre. 
When grown for fodder in November-Dcccmber, a 
yield of 55,000^70,000 lb. per acre in 3-4 cuttings is 
reported. The feeding value of vines is approximately 
equal to that of alfalfa hay : they are slated to 
increa.se the milk yield. The vines may also be ensiled 
to give a silage comparable to corn silage in nutri- 
tive value. Analysis of the dried vines gave the 
following values: dry matter, 90.7: protein, 12.6: 

3-3 J fibre, 19. i ; N-free extr., 45.5; mineral 
matter, 10.2 ; digestible protein, 8.9 ; and total 
digestible nutrient.s, 51.7% : and nutritive ratio, 4.8 
(Mudaliar, Madras agric. /., 1950, 37 , 421 : Mem. 
Dcp. Agric. Madras, No. 36, 1954, 596 : Morrison. 
392, 1016 : Sen, Indian Fmg, 1949, 10, 288). 

Other products — Kdiblc and fermentable .syrups 
have been prepared from sweet potatoes. The tubers 
are cooked with water, pulped and saccharified by 
treatment with malt (0.2%) at 60®. I'he solution is 
clarified and concentrated to c. 70% solid content. 
The product is less sweet than canesugar syrup : it 
contains: water, 30.1 : ash, 1.75: protein, 2.45: mal- 
to.se, 43.0; sucro.se, 7.0: and dextrins, 14.0%. A glu- 
co.se syrup is prepared irom sweet potato starch by a 
process similar to that employed for producing syrup 
from corn starch (Dawson, Yearh. Agric. U. S. Dcp. 
Agric., 1950-51, 204: Brautlcchr. 179; Sen, Indian 
Ftng, 1949, 10, 288). 

Sweet potato forms a valuable raw material for the 
fermentative production of industrial alcohol, lactic- 
acid, acetone, butanol, vinegar and yeast. Raw tubers 
and pressed juice are employed for the preparation of 
alcoholic beverages after saccharification with liquid 
koji. Carotene concentrates have been prepared from 
.selected types rich in carotene and a process for the 
extraction of anthocyanin dyes from the peelings has 
been patented (Thurber et ai, Yearh. Agric. U. S. 
Dep. Agric., 1950-51, i6'3 ; Chetn. Ahstr., 1951. 45, 
4874, 5416; 1950, 44, 6571 ; 1952. 46, 11493: i 9 .'> 5 ' 
49, 15165). 

Sweet potato pectin is comparable to apple 
pectin in jellying properties. It is obtained as a by- 
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product from peel and trim wastes of sweet potato 
canneries. The starch present is solubilised by treat- 
ment with amylase and the residue employed for 
jxciin extraction. The pectin may also he recovered 
from the pulp residue after starch recovery (Dawson 
(7 (iL, Yrarb, Agric. US. Dcp. Agric., 1950-51, 195)- 

Tender lops and leaves of the vine are used as 
vegetable in the Philippines ; they may be used in 
soups and also as a salad after steaming. Analyses of 
edible portions of two .samples of vine gave the 
following values: moisture, 87.1, 82.8; nitrogen, 
0.566, 0.592 ; ether extr., 0.67, 0.81 ; crude fibre, 1.4. 

I. 5 ; and ash, 1.59, 1.35% ; calcium, 81.2, 64.0; phos- 
phorus. 67.3, 66.3 ; iron, 10.37, 5.82 : carotene, 3.61, ; 
thiamine, 0.065, 0.169; rihotlavin, 0.173, 0.297; 
niacin, 0.94, 0.89 ; and ascorbic acid, 25.0, 28.8 mg./ 
100 g. Vitamin K (tocopherol) c<intent of the leaves 
is 8.1 mg./iix) g. (intengan ct uL, Philipp. ]. Sci., 
1954, 83, 193, 208 ; ChcDi. Ahstr., 1947. 41, 5643). 

Fresh vines and tubers when cut exude a latex 
which on exposure to air, becomes sticky and ulti- 
mately sets to a hard resinous material. The resinous 
principle, jalapin (scam monin), has been identified : 
it is the active ingredient of a hoiler compound used 
in Japan. The latex contains only traces of caoutchouc 
(Dawson rt a!., Ycarh. Agric. U. S. Dcp. /IgnV., 
*95<> 5*’ >9.5)- 

Vines and luhers contain fungicidal and bactericid- 
al substances, among them a buff-coloured crystalline 
soliti, active against tlie Oram-negative Escherichia 
ci)li and a clear brown li(|uid, effective against (Jrain- 
positive bacteria (esjx^cially Mycobacteria), and fungi 
(Scliaffer et al.. Ycarh. Agric. U.S. Dcp. Agric., 

>950 5'' 727)- 

The root is considered laxative. In Malaya, a drink 
prepared from the root is given to allay thirst in 
fever. Tops and tender shoots are used in poultices 
and leaves as a maturative cataplasm. In Ghana 
(Gold Coast), the leaves are ground witli salt and 
applied to whitlow. A paste of roots or leaves is used 
as an application to .scorpion hites (Kirt. & Basu, Ilf, 
1719 ; Burkill, If, 1248 ; Quisumbing, 759 : Nadkarni, 

J. 6«5). 

I. cairica (Linn.) Sweet .syn. /. pahuaia Forsk. 
Kailway Crkkpkk 

FI. Br. Ind., IV, 214 ; FI. Malesiana. Ser. 1, 4(4), 478. 

An extensive jxTennial climber with tuberous 
root, found almost throughout India. Leaves deeply 
palmately 5-7 lobed : flowers campanulate, violet- 
purple with purple lube, solitary or triple, in axillary 


pedunculate cymes ; ca|>sules small, ovoid, glabrous ; 
seeds 4, pubescent with woolly margins. /. cairica is a 
decorative plant commonly grown in gardens, trel- 
lises and railway platforms as screens. It flowers 
almost all the year round and is propagated hy seeds 
or cuttings (Bor &: Rai/ada, 6). 

The tuberous roots and stems, though bitter, arc 
used as food in Hawaii. Roots and leaves are slightly 
cyanogeiietic. The vine is used as cordage for tying. 
In S. Africa, crushed leaves are used in applications 
for body rashes (Neal. 624 : Watt & Iheyer-Brand- 
wijk, 152 ; Ottisunihing. 1045). 

The seeds of /. cairica are considered purgative 
and used as a suhstiiute. for the seeds of I. nil (cj.v.). 
A pale yellow gliicosidic compound (m.p., 118-19'’), 
resembling muricatin A from Calonyclnni murica- 
tnm and possessing marked purgative aclivilv, has 
been isolated from the seeds : on alkaline liytlrolysis, 
it yields a colourless product (m.p., 104-106'’) with no 
pharmacological action. The seeds contain a pale 
yellow fatty oil (11.5%) with the following characier- 
istics: sp. gr.^‘*\ f>.928o : , 1.4730: acid val.. 2.1 : 
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sap. val., iS6.(): iod. val. (Wij's). 117.3: acetyl val., 
^2.7 : K.M. val., 2.2 : l^)lcnske val., 0.3 ; Hehner val., 
IS8.7 : and iinsapon. matter, 2.H%. The component 
fatty acids of the oil are: palmitic, S.29 : stearic, 
11.43: arachidic, 2.95: hehenic, 0.81: oleic, 24.5; 
linoleic, 32.66 : and linolenic, 4.8‘X.. The unsa|K)ni- 
fiahle matter contains ^-sitosterol (Handa c/ a!., /. .vci. 
nidustr. Res., 1956. 15 B, 727 : Chaiidhary et nl., Citrr. 
Sci.. 1957, 26 , 148). 

I. carnea Jac(|. 

Bor cV Rai/ada, 6, Fig. 5. 

A large diffuse or straggling shruh with milky 
juice, native of S. America and introduced into India 
as an ornamental plant. Leaves ovate-cordate, entire, 
acuminate : flowers large, campanulate, pale rose, 
mauvish pink or light violet, in lax, dichotomous, 
axillary ;i«d lermitial peduncled cymes : capsides, 

0. 5 in. long, glabrous : seeds silky. 

/. ciirtica is cultivated in gardens in many parts of 
India : it is sometimes grown as a hedge. 'Fhe plant is 
propagated hy cuttings. It produces dense foliage and 
flowers |)ractically throughout the year except during 
the cold tnonths. It is drought-resistant and can be 
raised both under rain-fed and irrigated conditions. 
It is used as a green manure cro[) in Madras. It stands 
pruning well. Under rain-fed conditions, a border 
crop, one mile in length, gave, in six cuttings, 
75.000 lb. of green matter in one year : under irri- 
gated conditions, the yield was nearly doidile |Pon- 
naiya ct (iL. huliau /' /ng, N. S.. 1954 55. 4(;2), 14 : 
Varadachari, World Crofts, 1957, 9 , 35 : Madras 
a^ric. /., 1953, 40 , 5(k;|. 

The |)lant is toxic to live-stock. Hie leaves contain 
a poly.'^accharide ipomo.se, an anthracene glucoside, a 
gum, jalapin, and saponins. The |>resence of two toxic 
principles, one solulile in water and the other in ether 
is reported. When administered intravenously, the 
water .soluble toxin caused haemolysis and reduced 
the blood pre.ssure : the ether .soluble toxin affected 
the central nervous system, including the respiratory 
and cardiac regulatory centres. When given orally 
the ether-soluhle toxin acted as a mild purgative 
IKatyal, Indian Fni^. N.S.. 1955 56, 5(i2), 39 : C.licin. 
Ahsir., 1948, 42 , 7837 1 . 

1. digitata Linn. 

D.F.P., IV, 484: C.P., 686, 1120: FI. Br. Ind., IV, 
202 ; FI. Malesiana, Ser. I, 4(4), 48^: Kirt. Basil, 
PI. 662. 

Sans. — Bliumikushwanda, vidari ; I Iindi 
kand ; Bknc. -Bhumikinnra ; Mwi. -Bhmkohola, 


vidarikand ; Tki.. Bhncliakragaddn ; 'Pam.- -Palmti- 
dangi ; M\\.. -Mutalakkantay palmutakku ; Kan.- 
Bhumiclickrigaddcy bnja-guinbala ; Oriya — Bliuin- 
kokaru. 

An extensive perennial climber with tuberous 
roots, found in Bihar, Orissa, West Bengal, Assam, 
Deccan and west coast from Konkan to Kerala, most- 
ly in moist areas, monsoon forests and coastal tracts. 
Leaves large, palmately 5-7 lobed ; flowers widely 
campanulate, pink or red purjde, few to many in 
axillary corymbose cymes ; capsules small, ovoid ; 
seeds 4, black, woolly. 

'rhe plant is grown for ornamental purposes and 
trained against trellises and pillars. It is projiagated 
by cuttings ((iopalaswamiengar, 357) 

The tuberous root of the vine is of large size with 
yellowish brown coat. It is brittle, mucilaginous and 
bitter in taste. It contains a resin, similar to jalap 
resin, and is considered tonic, alterative, aphrodisiac, 
demulcent, lactagogue and cholagogue. It is recom- 
mended for emaciation in children. It enters into the 
composition of a compound decoction which is nutri- 
tive. diuretic and expectorant, and u.sefid in fevers 
and bronchitis. Powdered root is given for diseases 
of the spleen and liver, for menorrhagia, debility and 
fat accumidation. A decoction is prescribed for con- 
sumption. In Malaya, the crushed root is a|)plicd to 
swellings |l)ymock. Warden Hooper, II. 536: 
Koman, 1920, ;2 : Rama Rao, 277 : FI. Malesiana, 
Ser. I, 4(4); 483^ 

'^riie stems and leaves of the jilani are used as caitic 
fodder. Fresh leaves contain 6.3 mg./i<K) g. of caro- 
tene. In Bombay, the .seeds are used for coagidating 
milk [Acharya & Malpoorwala, /. Ihiiv. Botnbaw 
N.S., 1952, 21 A (3), 47 1 . 

I. eriocarpa R. Br. syn. /. hisfyida Roem. Schuli. 

D.F.P., iV, 485 : FI. Br. Ind., IV. 204 : FI. Malc- 
siana, Ser. I, 4(4). 462. 

Tkl. Pnrititige ; Mai.. Pnlic/icvidn ,* Oriya — 
Paninoi. 

PcNjAR -/iZ/r/z/Ttv/r ; Dkimi -Ghiabalo, boota ; 
As.sam — Kalman. 

A herbaceous slender, twining, villous annual, 
found almost throughout India ascending up to 
4.(KX) ft. in the Himalayas : it is common in open 
grasslands, hedges, fields, secondary forests and dry 
areas. Leaves ohlong-cordate, acute, hairy ; flowers 
small, campanulate, pink or purple, axillary, solitary 
or in multiflowered cymes : capsules small, globose, 
hairy ; seeds 4, glabrous. 
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FIG. liA. IPOMOFA ERIOCARPA—rLOWERINCi BRANCH 


/. c/'irKV/r/v/ has been tried as a green fodder 
in S. India. It is useful for milch cattle. It is 
hardy and drought-resistant and thrives on sandy 
loams and red and black st)ils. As a fodder crop, it is 
sown pure or mixed wiili horsegram, wheat and 
jowar. In experimental trials at Coimbatore, a yield 
of 28,000 Ih. of fodder per acre has been recorded. 
The fod<ler is considered to he etpial to sunn hemp 
in nutritive value. Analysis of the sun-dried plant cut 
at the Ilowering stage gave the following values: 
moisture, 16.13: crude protein, 15.56: ether extr., 
2.40; carbohydrates, 35.12: crude fibre, 20.78: 
total ash, 10.01 : soluble mineral matter, 8.88 : 
|)hosphorus (IV^..)* ^\S^5 ’ calcium (CaO), 1.62: 
and potassium (K/)), 3.05% : starch etpiivalent, 
71.5 Ih./ 100 11 ). and nutritive ratio, i 12.56. The plant 
is a soil hinder and is elTeciive in smothering weeds 
(A /cm. Defy. /Igr/V. Madras, No. 36, u;54, 596 ; 
Ayyangar & Rajagopal, Madras a^ric. 1939, 27 , 
» 47 )- 

The leaves and stems are eaten as vegetable. The 
seeds arc rich in proteins : they arc edible and nutri- 
tious. They contain: moisture, 9.22: crude protein, 
22.25 ' ^'dier extr., 9.52 : carbohydrates, 44.44 : crude 


fibre, 10.63 * soluble mineral matter, 3.83 : and silica, 

0. ii';,.. The seeds are rc|X)rted to contain a resin simi- 
lar to that present in the seeds of /. nil (Ayyangar 6 c 
Rajagopal, loc. cit. : Wchmer, II, 1012). 

The plant is boiled in oil and used as an application 
for headache, rheumatism, leprosy, epilepsy, ulcers 
and fevers. It is also applied to neck sores of bulls 
(Kirt. & Hasu, III, 1729: Rama Rao, 278 : Bressers, 
99 ; FI. Delhi, 244). 

1 . maxima (liimi. f.) (;. Don syn. /. scfjiaria Koenig 
ex Roxb. 

D.F.P., IV, 491 : FI. Br. Ind., IV. 209: FI. Male- 
siana, 8er. I. 4(4). 472. 

Hindi Bknc;. — Bankahni : Mak. Aniiivvl ; 

(iuj. — Hannnunivcl : Tki.. — Mcliatnii, [yinitiit^r ; 
Tam.— Man jifrai, talikkirai ; Mal. — Tirniali ; Okiva 

Bilona, mnshakani. 

A herbaceous slender, perennial twiner found 
almost throughout India in hedges, near streams and 
tanks. Leaves ovate-cordate, entire, acute : flowers 
large, funnel-shaped, pale purple, pink or white with 
a purple eye. in many-flowered, pedunculate, umbel- 
late or siibumbellate, axillary cymes. 

The plant is eaten as pot-herb and used as fodder 
for cattle. The juice of the plant is considered deobs- 
truent and diuretic. It is used as an antidote to 
arsenic (Kin. & Basil. HI, 1723). 

*1. nil (Linn.) Roth syn. /. hcdcracca auct., non 
Jac<|. 

D.lvl’.. IV. 4S5 ; 686 : Kl. Br. Ind.. IV. u/) : 

1 ^ 1 . Malesiana, Ser. I. 4(4), 465. 

Sans. — Krishnahija, sli\antahija ; Hindi Kala- 
dana, jnirchai ; Bknc:. Kaladanah, iiilkalnii ; Mak. — 
NiV/ucv/t/)/, nilyrl : (^rj. — Kaladana, kalktunkan ; 

Tki.. — Jirika, Iwlli ; T.\m. Kakkattan, sirikki : Kan. 
— (Uitirihija ; Okiya K/ianikliondo. 

DtxicAN Kalizirki, zirki ; Kasumih I hdf-id-nil : 
PiTNjAB -Bildi, ishpccha, kcr, kirpazea, phaprnsag. 

An extensive, hairy, herbaceous annual or peren- 
nial twiner, found throughout India up to a height 
of 6 ,<kk) ft. in the Himalayas : it is frecpiently grown 
in gaixlens for its ornamental flowers, and often runs 
wild in hedges and waste places. Leaves alternate, 
ovate-cordate. 3-lobed : flowers large, funnel-shaped, 

• 'riiis species has been erronetHi.sly iclentificcl liy a iititnl)er of 
authors with the North American s|H*cies /. hcdcrmcti (I.iiiii.) 
J;ic<|. The true /. hvderaeva <)f North America is sometimes p;rowii 
in Indian gardens and has not been found wild (FI. Malesiana, 
Ser. I, 4H), 4f>5 ; Santapau, J. lionihax mil. Hist. Soc., I‘>47 4H, 
47, 346). 
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l lii. IPOMOEA NIL-I LOWERINO BRANCH 


|)alc or bright blue tinged with j)ink, turning red or 
reddish on ageing, in i 5 (lowered umbellate cymes : 
lapsides ovoid, sub-globose, smooth : seeds 4 or 6, 
black, grey puberident. 

'riie dried seeds of I, nil are sold in ba/aars under 
the name of Kai^adana and used as purgative. The 
seeds are black in colour except for a brownish spot 
at the liiliim, small in size (y^ incli in length), 
angular and of the sliape of the segment of a sjdicre ; 
100 seeds weigh ^ 4 g. 'Taste at first sweetish, later 
at rid and disagreeable. Kaladana is an active cathar- 
tic and is otficial in the Indian Pharmacopoeia. Jr is 
used as a substitute for jalap ( Exogouium [mrga 
Bentb.). The jnirgative action is due to a resin which 
is extracted fn»ni the seeds along with inert resinous 
matter by alcohol. Both seeds and the total resin 
extract are employed as cathartic in do.ses of 30-45 
gr. and 4 8 gr. respectively. In overdoses they 
produce symptoms of irritant poi.soning. Other 
preparations of kaladana used in medicine include 
an extract, a tincture (i in 5), and a compound 
powder (Pul vis Kaladanae Compositus) consisting of 
seerls, potassium hydrogen tartrate and powder- 
ed ginger (Bentley Ik 'Trimen, III, 185 ; I.P., 354, ; 

li.P.C., i94(> 459: Modi. 559; Dymock. Warden & 
Hooper, II. 531 : Allport. 125). 


Among the adulterants and substilutes of kala- 
dana arc the seeds of some Ipomoca spp., Crotalarui 
juneva Linn., Acada arahiai Willd., Peganum har- 
mala I aim. and Ocimum hasilictnn lann. (B.P.C., 
1949, 460). 

Commercial samples c.)f kaladana contain 14-15% 
of crude resinous matter with nauseating acrid taste 
and disagreeable odour : the resin can be fractionated 
into a glycosidal part and a non-glycosidal part. The 
activity of the drug was formerly attrihuted to the 
glycosidal fraction, named pharbitsin, consisting of 
an etlier-soluble portion (tiglic acid, methyl-ethyl 
acetic acid, and /i-merbyl-/i-oxybutyric acid) and an 
ether-insoluble portion (pbarbitinic acid, giving on 
hydrolysis glucose, rbamnohc and ipurolic acid). More 
recent work has shown that the glycosidal resin is 
inert : the activity of the drug resides in the non- 
glvcosidal resin (2% of the drug) and causes co|)ious 
purgation in doses of 250 mg. (Sen Gupta cS: Chipta, 
Indian /. Phann., 1948, 10 , r)6 : Wehmer, II. 1012; 
U.S.I)., 1955, 1728 : B.P.C.. 1949, 460: CUem. Ahbir., 
1924, 18 , 1871;). 

Besides the resinous matter, the seeds contain a 
lixed oil (12.4'’,.), and small amounts of .saponin, muci- 
lage and tannin. Extracted oil is pale yellow in 
colour, with an unpleasant odour and has the fol- 
lowing characteristics: sp. gr."" , o.ptS : , 1.474 : 
I/"" , 0.2938: sap. val., 190.48; acetyl val.. 5.19: 
acid val., 3.45: iod. val.. 12 1.5: and unsapon. 
matter, 1.98%. The mixed fatty acids contain: pal- 
mitic, 5.93 : stearic, 20.37 : arachidic, 7.79 : hehenic, 
1.29: linolenic, 5.99: lintdeic, 14.54: and oleic, 
43.98",,. The unsaponitiahle matter contains copro- 
sterol (I.P.G.. 129: Kathpalia Dutt, Indian .SW/> 
/., 1947-48, 13 , 77 : Cluni. Ahstr,, 1927, 21 , 2391). 

The flowers contain anthocyanin pigments. 'The 
colouring matter of red flowers is pelargonin chloride 
(C.^7ll;,,0,..Cl, 3,5-diglucoside of pelargonidin chlo- 
ride) : deep violet and red violet flowers contain 
|>conin chloride (C'-^J I, which is a 3,5-digluco- 
side of peonidin chloride. C,,.,I l,., 0 ,.Cl. Fresh capsules 
of /. nil arc eaten as vegetable | Mayer & Cook, 224, 
229: Thakkar & Singh, Indian Fmg, N.S., 1953-54. 
3(io), I2|. 

/. nil sometimes occurs as a weed in sugarcane and 
wheat fields. It is a menace to sugarcane cultivation 
in Bihar, causing a loss of 20-25% of the crop. 
It can he checked by weeding the. field in the 
early stages and other cultural practices. Spraying 
with Agroxone (1 *;•*)* Fernoxone (o. 1-0.2%) and 
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Plienoxylene 30 (o.3~o.6%) at the rate of 100 gal. /acre 
is reported to he effective |Thakkar & Singh, hiduni 
Fmg, N,S,, 1953-54. 3 (io). \2 ; Kaiil, Allahabad Fmr, 
1951, 25 , 103I. 

I. obscura (Linn.) Ker-Gawl. 

D.K.P., IV, 488 : FI. Br. Ind., IV. 207 ; FI. Male- 
siana, Ser. I, 4(4). 471 ; Kirt. & Basil, PI. 659A. 

Max.-- Pilihotivari ; Goj. — Ginnhadvvl ; Tkl. — 
Nallakokkita ; '^Fam. Chiruduli, siritilali ; Mal. - 
Chcrutali. 

A slender, twining annual, found almost through- 
out India up to an altitude of 3,0 (m) ft., in grass- 
lands, hedges and waste lands. Leaves entire, ovate- 
cordate, acute : flowers small, funnel-shaped, yellow 
or white with a purple spot, in axillary cymes : cap- 
sules ovoid, straw-coloured, glabrous ; seeds 2-4, 
(lark-brown, dcn.sely velvety. 

'Fhe leaves of /. ohscitra are mucilaginous with a 
pleasant smell. They are used as an application to 
aphthous affections after toasting, powdering and 
boiling in ghee. In admixture with the leaves of 
Ar^yrcia mollis, they are used for sores |Kirt. & Basil, 
III, 1723 ; FI. Malesiana, Ser. I, 4(4). 472]. 

I. pes-caprae (Linn.) Sweet syn. /. hiloha Forsk. : 
/. marilima R. Br. 

n.F.P., IV, 482 : FI. Br. Ind., IV, 212 : FI. Male- 
siana, Ser. 1 , 4(4), 475 : Kin. Basu, PI. 667A. 

lIiNiH -Dopatilata : Beni;. — Clilia^alkuri ; Mar. — 
Maryadvcl, sauiudrapheu ; Gt^j . — Marjadavcla ; Tel. 
— Balabanditi^e, bedotige, chivulapillitigc ; 'Fam. — 
Adambu, attukkal, miisatialai : K.\x. — Adumbaballi, 
binigadaballi ; Maf.. — Adumbu-valli, atatnpa, chttvam 
natampn ; Okiya — Kaiu honaluota, kasarimai. 

An extensively climhing or trailing, perennial 
herb with thick long root, found in Sundarbans, 
eastern and western coasts. Pilani (Rajasthan) and 
Andaman Islands, usually on sandy shores and occa- 
sionally inland along river banks, ditches, canals and 
way sides. Leaves orbicular, deeply hilobed, fleshy ; 
flowers large, funnel-.shaped, brilliant rose-purple, 
j)ink or violet in axillary pedunculate cymes : cap- 
sules small, ovoid, glabrous : seeds 4, dark brown, 
villously tomentosc. 

The plant is useful as a sand binder. It is eaten 
by most animals ; cows fed on it yield tainted milk. 
The leaves arc used as vegetable in Zanzibar and 
Pemba (Williams, 310). 

The plant is mucilaginous and is considered astrin- 
gent, stomacltic, alterative, tonic, diuretic and 


laxative. It is said to be useful for skin affect ions. In 
Cambodia, it is used in the treatment of hletmorrhagia 
and piles. I Agaves are used as an external application 
for rheumatism, dropsy and colic, and the juice of 
the leaves is taken as a diuretic. In eastern Malayasia. 
leaf poultices are applied to boils, swellings, wounds, 
ulcers and carbuncle. In Madagascar, leaves are re- 
commended for inflammation of the prolapsus ani 
and whitlow. "Fhe seeds are used as a remedy for 
stomach ache and cramp. In Malaya and Indonesia, 
the stem juice is applied to bites and stings of fishes. 
1 ’he dried juice of the root is used as a [lurgative. The 
roots are rc|)()rte(l to contain a sa|>onin |C'hopra, 41/; ; 
Kirt. & Basu, HI. 1726 : Nadkarni. 1 . 6S<; : Kama Rao, 
280: FI. Malesiana. Ser. 1 . 4(4), 47b : Burkill, 11 , 
i24(;-5o: l^ymoik. Warden Hooper. 11 . 537: 
Wehmer, II, 101 3 1 . 

I'he plant contains a mucilage, a volatile oil (0.03'V.). 
resins {7.3'’n), hitter substances, red colouring matter, 
pentatriacontane, triacontane, a sterol (C^^JI-,,!)). and 
behenic. melissic, butyric and myristic acids. The 
volatile oil has the following ('onstants: sp. gr.:!; , 

0. 9626: and . 1.4703 (Chem, Abslr., m>3S. 32 , 
5 «V' 7 ^ 73 )- 

1, pes-tigridis Linn. 

D.F.P.. IV, 4S8: FI. Br. Ind.. IV, 2(4: PI. 
Malesiana. Ser. I, 4(4), 467. 

Beni;. — Laugulilala ; 'VKL.— Chikunuvvu, mckauuh 
dugu, piiritikada ; Pulichovadi, putiaikkirai : 

Mal. — Pulichuvalu ; Okiya — Bilaipado. 

Delhi — Ghiabati ; Madhya I^kadesh — I^tiUL h-patri. 

A spreading or twining herbaceous annual, found 
almost throughout India a.scetuling up to 4.000 ft., 
usually in hedges, gra.sslands, waste places, hushes, 
fields and sea coast. Leaves deeply |)almately 5-(;- 
lohed, hairv : flowers funnel-shapel, white or pink, 
in axillary cymes : capsules ovoid, jiaperv. glabrous ; 
seeds 4, minutely velvety. 



riG. 136. IPOMOEA PES-TIGRIDLS— riOWERlN('i 13KANCII 
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I'he plant may he used as a feed for live-stock both 
in the green state and as hay. In North India, it grows 
profusely during the monsoon and remains green and 
succulent for 3-4 months: two cuttings may he 
obtained hut the second cut gives low yield. The 
plant can he cultivated along with jowar for forage 
piirposes. In nutritive value, the plant compares 
favourably with legumes, being rich in protein, 
calcium aiul phosphorus. Analysis of the green feed 
(sain[)le contained both immature and mature seeds) 
and hay gave the following values (dry basis) : green 
feed: crude protein, 12.27: fat (ether cxtr.), 3.00; 
N-free extr., 48.21 : fibre, 26.23 ; ash. 10.29 : calcium, 

0. 917 : and phosphorus, o.479V(. ; digestibility co- 
ejjicients (for sheep): dry matter, 66.8 : crude protein, 
72.4 : ether extr., 58.5 : fibre, 51.7 : and N-free extr., 
78.3",, : hay\ crude protein, 13.58 : ether extr., 3.50, 
N-free extr., 44.02: crude fibre, 27.02: ash, 11.88: 
calcium, 1.480 : and phosphorus, 0.344% : digestibi- 
lity co-efjicients : dry matter, 51 ; crude protein, 57.1 : 
ether extr., 67.9 : N-free extr., 57.0 : and crude fil)re, 
41.7‘V,. The digestible nutrients present in green feed 
(84“,, moisture) and hay (10% moisture) were respec- 
tively as follows: digestible crude protein, 1.43. 7.0: 
total digestible nutrients, 10.3, 45.0 : and starch equi- 
valent, 8.9, 30.0 lh./i(X) lb. Feeding trials on farm 
animals showed positive balances for nitrogen, cal- 
cium and phosphorus (Talapatra & llarsaul, Indian /. 
vet. Sci., 1957, 27 , 45). 

The mature seeds are black and resemble sunn 
hemp seeds. They contain: crude protein, 30.19 : fat 
(ether extr.), ii.io: calcium, 0.38: and phosphorus, 
1.03% (Talapatra & Har.saul, loc. cit.). 

The herb is used in the treatment of boils and 
carbuncles, and as an antidote to dog bites. In 
Phili|)pines and Indonesia, leaves are applied as 
poultices to boils, pimples and sores. The root is used 
as a purgative. It is reported to contain a resin (Kirt. 
& Basil, III, 1721 : Quisumhing, 763 : Chopra et al., 
142). 

1. purpurea (Linn.) Roth Morninc; Glory 

FI. Br. Ind., IV, 2fx) : Bor & Rai/ada, 9, Fig. 9 : FI. 
Malesiana, Ser. I, 4(4). 465. 

A herbaceous, hairy, twining annual, native of 
tropical America, found throughout the greater part 
of India ascending up to 7,000 ft. in the Himalayas ; 
it is occasionally grown in gardens for its beautiful 
flowers. I.,eavcs broadly ovate-cordate, entire or 3- 
lobed : flowers large, funnel-shaped, varying in colour 
from white to dark purple, in axillary pedunculate 


cymes ; capsules globular, glabrous ; seeds 6 or less, 
glabrous or sparsely pilose at the hilum. 

/. purpurea occurs in many forms under cultiva- 
tion, some of them with double flowers. It is easily 
raised from seeds : it grows rapidly producing dense 
foliage. It is suitable for covering arbors, verandahs 
and walls (Bor & Rai/ada, 9-10 ; Bailey, 1947, II, 

*657)- 

The plant is used by the Zulus of southern Africa 
as a purgative and anti-syphilitic. The stem contains 
a soft resin (4.8‘,V,), essential oil (0.018%), tannin and 
colouring matter. The resin is the active principle : 
it contains ipuranol which is identical with sitosterol 
glucoside (C..,.H,.„ 0 ,. : m.p., 3tx) 305°), ipurolic acid 
(C,.,1L.,^0,). d-methyl acetic acid, hydroxylauric acid 
(m.p., Cn) 70°) and glucose. On hydrolysis, the 
resin yields penial riacontane, formic, butyric and 
higher volatile acids, stearic acid, palmitic acid, a/elaic 
acid (?), and a substance which gives catechol reaction 
(Watt & Breyer-Brandwijk, 152: Wehmer, II, 1011 : 
Thorpe, VI, 96 : Tschirch & Stock. II, 1628). 

I. quamoclit Linn. syn. Quainoclil pinnata Bojer : 
Q. vulgaris Choisy Ch’pRKs.s Vim:, Indian Pink 

D.F.P., IV, 491: FI. Br. Ind.. IV, 199: FI. 
Malesiana, Ser. I, 4(4), 482. 

Hindi — Kamalata ; l ^ v . si ,.— Tarulata, kamalata ; 

Mar. — Vislniukrantu, sitacliekesa ; Ti:l. — Kasiral^ 
fiamu ; Tam. — Knubumalligai, niayirmauikkani ; 
Kan. — Kama late, kempumalligr ; Mai..- -Suriya- 
katitlii ; Oriy.\ — Kunjolota, 

A graceful slender, glabrous, twining annual, 
native of tropical Ame’'ica, grown throughout India 
in gardens as an ornamental plant and occasionally 
found as an escape. I^eaves pinnately lohed into 
numerous filiform segments : flowers salver-shaped, 
brilliant crimson, scarier or white, in axillary pedun- 
culate cynics : capsules ovoid, smooth : seeds 4, coni- 
cal, glabrous, tuhercled. 

/. (juanwelit is propagated from seeds in early 
spring. It grows rapidly and yields an abundance of 
handsome flowers. The leaves arc used as |K)t-herh. 
The j)Iani is considered cooling. It is used in 
Queensland as a purgative, for snake-bite and as 
snuff. Pounded leaves arc applied as poultice to bleed- 
ing piles and, at the same time, the juice, mixed with 
hot ghee is given internally. The leaves are used as 
a plaster for carbuncles. In Spain, tbe powdered root 
is given as a sternutatory. The leaves and stems are 
reported to contain small amounts of alkaloids. The 
leaves are cyanogenetic : traces of hydrocyanic acid 
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arc present also In roots, stems and flowers (flor & 
Raizada, 3; Bressers. 100; Kirt. & Basil, IIT, 1712; 
Weld), Bull. (Mini. sci. vidustr. Res, /l//.s 7 ,. No. 232, 
1948, 42 ; Chem. Ahstr,, 1950, 44, 2180 : Qiiisiimbing, 
•<>45)- 

I. uniflora Roem. & Schult. = /l//t.vrfV/ martinieensis 
(|ac(|.) Choisy syn. A. iniijhra Choisy 

FI. Br. Ind., IV, 201 : V\. Malesiana, Ser. I, 4(4), 435. 

A slender, prostrate or twining herb Toiind in 
Biindelkhand (U.P.), Bibar, Lakhimpiir (Assam), 
east coast and west coast from Konkan to Kerala. 
Leaves lanceolate-oblong, entire ; flowers solitary, 
campanulalc, white : capsules ovoid, glabrous ; seeds 
ovoid, dark brown or black, glabrous, margin minute- 
ly trigose. The plant is usually found in marshy 
thickets, hedges, river banks, margins of tanks and 
backwaters. 

The plant is used as vegetable in Malaya 
and Indonesia (Borneo). It is purgative and its 
juice is given in bilious dyspepsia. 'Fhe seeds are 
said to be used by the Miindas as purgative |F 1 . 
Malesiana, Scr. 1, 4(4), 436 ; Kirt. & Basil, III, 1717 : 
B rcs.se rs, 99]. 

A number of species of Ipomoea, other than those 
mentioned, arc of minor importance either as orna- 


mental plants or medicinal plants. I. mifrulata Lam. 
syn. /. coceinca C.B. Clarke (FI. Br. Ind.), non I aim. ; 
/. phoenicea Roxb. : Quamoelit phoenkca Choisy, is 
a pretty annual twiner with ovate-cordate leaves and 
salver-shaped, crimson flowers, cultivated in gardens 
almost throughout India. Its root is considered 
sternutatory and is used by the Muiulas for snake 
bite (Kirt. & Basu, III, 1713 : Bressers, 100). 

/. I'optica (Linn.) Roth syn. f. dissect a Willd. is 
a herbaceous, glabrous, prostrate or twining annual, 
with digitate, 3-7-lobed leaves and small, funnel- 
shaped, w'bite flowers, found in the upper Gangetic 
plain, Gujarat and east coast. The herh is used in 
Ghana (Gold Coast) for chest complaints in children ; 
in North Nigeria, a cold infusion of the plant is 
given for giddiness or intoxication. Leaves arc re- 
ported to contain cblorogcnic acid (Dal/.iel, 43S ; 
VV'ebmer, II, 1014). 

/. diisyspernui Jac<|. f. — /. tuhereuhtta Ker-Gawl. 
(Cv], --Dipd(ivel) is a pretty twiner with pcdalely 
5-7-lobed leaves and salver-shaped, yellow, pale rose, 
or buff coloured llow'ers purple in the centre, found 
in the upper Gangetic plain, Bombay, Madras and 
Kerala. 'Fbe seeds of the plant are used as an antidote 
for hydrophobia (Kirt. Basu, 111 , 1728). 

L dichroa Choisy syn. L pilosa Sweet is a twining 
annual, with broadly ovate-cordate, entire or 3-lobcd 
leaves and small. funnel-sha|>ed, white, pink or pur- 
ple flowers, found almost throughout India ascending 
up to 3,Of)f) ft. 1'he seeds of the plant are reported to 
contain a fatty oil and a resin probably similar to 
that pre.sent in the seeds of /. nil. Dried leaves are 
used as an application for burns in West Africa. I'be 
.seeds are used as a purgative in mixture with the 
.seeds of Hihisetts sabdariffa (Dal/iel, 439 : Web met*. 
If, 1012). 

/. fieifolia Lindl., a native of Argentina, has 
been introduced into Indian gardens for its large 
dark lilac fUiwers. In S. Africa, the leaves are con- 
sidered purgative and a remedy against snake bite 
(Firminger, 435 : Watt & Breyer-Bramhvijk. 152). 

/. gracilis R. Br. is a littoral, twining or prostrate 
herb, with broadly ovate to oblong, occasionally 
orbicular to kidney-shaped leaves and funnel-shaped, 
pink or pink-purple flowers, found on the Indian 
coast. The plant is useful as a .sand-binder [FI. Male- 
siana, Ser. I, 4(4), 470 : Burkill, II, 1249]. 

/. illustris (C.B. Clarke) Prain syn. /. campanuhtta 
auct., non Linn. : /. caynpamdata Linn. var. illustris 
C.B. Clarke (Mak. -Goili, tu^elnii ; K.\n. — Kari- 
huginmyalutmhu, ku^iuihalli) is a large handsome. 
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showy twiner wirli cordate-ovate leaves and tubular 
cam pa nil late, white, purple or rose coloured flowers, 
purple in the centre, found in Sundarbans, Madras, 
Saurashira, Deccan, western ghats, west coast from 
Konkan to Kerala and Andaman Islands. Young 
slioots are eaten in curries. Slender stems are used 
as cordage ffalbof, II, 295). 

/. Icarii l^ixt., a native of S. America, is a perennial 
climber introduced into India and grown as an 
ornamental plant in gardens, on walls and trellises. 
It is useful as a cover for waste lands and embank- 
ments. The root is reported to be used by the Miindas 
for dysentery (R(U* & Rai/ada, 5 ; Bressers, 99). 

/. liluK'ca (Willd.) Choisy syn. /. fasiijriata (Roxb.) 
Sweei is a scandent twining herb wilh ovate-cordate, 
entire or sometimes lobed leaves and funnel-shaped, 
purple-pink or white flowers, introduced into Bengal, 
riu* roots arc purgative. Analysis of powdered roots 
gave the following values: moisture, 71.50: invert 
sugar, 0.36: sucrose, 0.29: starch, 10. 10: cellulose 
and ash, 12.47 • resins, 4.69%. The roots contain 
an amorphous glycoside, i|)omocin, which has since 
been shown to be a mixture. On hydrolysis, ipoinoein 
gives methyl-crotonic acid and ipomoenic acid 
{Chem. Ahslr,, 1932, 26 , 2488 : Wehmer, II, 1012, 
1013 ; Merck Index, 534 : Tschirch & Stock, TI, 1622). 

Several other species arc grown in Indian gardens 
exclusively for their showy flowers. They include 
/. hcderacea (lann.) Jac(]. syn. Convolvulus hvder- 
(ti'ctts Linn., /. horsfalliac Hook., /. lohata (Cerv.) 
'rhell. syn. /. versicolor Meissn., /. nuicrorhiza Mich., 
and I. tricolor Cav. syn. /. rubrocucrulca Hook. 
(Firminger, 434, 436 ; Bor & Rai/ada, 3-9). 

A number of species described under Ifyonwca in 
FI. Br. Ind. D.F.P. are now transferred to Culonyc- 
tion, Exoirutiium, Mcrrcmia and Opcrculiua (<|.v.). 

Ire Rubber — see Funtumia 

IRESINE P. Br. (Amarauthuiene) 

M. Malesiana, Ser. I, 4(2), 97 : Bailey, 1947, H, 1662. 

A small genus of herbs or under shrubs, native of 
tro|)ical or subtropical America, often cultivated in 
gardens as border or bedding plants for their bright 
ornamental foliage. Two or three siKxies arc grown 
in India (Firminger, 386 : Gopalaswamicngar, 298). 

/. herhsiii Hook. f. syn. Achy nnit lies verschuffeltii 
Lem. is a small, perennial, much-branched herb, 
2-3 ft. high, with bright crim.son or maroon coloured 
leaves. It is propagated by cuttings. The leaves are 


employed, in Java, for colouring agar-agar jelly ; the 
red colouring matter is obtained by stpiee/ing the 
leaves in water (Burkill, II, 1251). 

Iridis Rhizoma — sec Iris 

IRIS I anil. {Iridaceae) 

D.F.P., IV, 496: FI. Br. Ind., VI, 271. 

A genus of rhi/omatous or bulbous herbs distri- 
buted in the north temperate regions of the world. 
Several species arc ornamental : some are cultivated 
for their rhi/omes which constitute the Orri.s of 
commerce. About a dozen species occur in India and 
a few exotics are cultivated for ornament. 

Orri.s, Orris Roor or Iridis Riuzoma consists of 
peeled and dried rhizomes of /. ^ermaniea Linn., 
*/. jloreutina Linn. — /, ^ermunica var. Ilorentiua 
Dykes, and /. lyullida Lam., all perennials found in 
Furope and the Mediterranean region, but chieilv 
cultivated in Italy, 'fhe rhizomes of the three species 
resemble one another and occur in commerce as 
hard, cream-coloured, jointed or branched pieces, 
5 10 cm. long and 2-3 cm. broad, dorsivent rally com- 
pres.sed and exhibiting yearly growths of enlarge- 
ments alternating with constrictions : they have an 
agreeable aromatic odour and bitter taste, and break 
with a rough and mealy fracture. The rhi/omes of 
/. l)seudacorus Linn, and /. foetidissmiu Linn, lutve 
also been used in Furope as Orris Root (Youngken. 
216 18: B.P.C^, 1949. 452). 

Orris plants may be readily propagated by seed or 
by divisions of old rhi/omes. They thrive in a variety 
of soils, but highly fragrant rhi/omes are obtained 
fnini plants growing in rather dry and gravelly 
situations. The rhi/omes are harvested after about 
three years, freed from roots and aerial parts, peeled 
and drier!, b'resh rhizomes are odourless and acrid, 
but during the long process of drying, they lose 
their acridity and develop the characteristic aromatic 
odour, reminiscent of violets. Under favourable con- 
ditions, a yield of 5-6 tons of dry rhi/omes |)er acre 
is obtained every third year (Sievers, Fmrs' Bull. 
U.S. Dep, Agric,, No. 1999, 1948, 72 : Youngken. 
218). 

Orris is imported into India from Persia ; small 
quantities are produced in Kaslunir. The orris found 
in the Indian bazaars is usually unpeclcd and some- 

* The application of the hinoniial /. florcnlina to this .species 
has iH'cn disputed hy some authors who hold that /. florctUinii 
Linn, is synonymous with /. sfyiiria Linn, and distinct from 
/. fhrrntina Hort. 
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what dark in colour; it is less fragrant than 
LOuropcan orris (i)ymock. Warden Hooper. Ill, 
451 ; Nadkarni. I, ^4; B.P.C., 1949, 453). 

Hie principal use for orris is as a perfuming and 
flavouring agent for cosmetics, dentifrices, etc. It has 
been noted, however, that many persons are allergic: 
to its use and because of this sensitizing property, 
orris root is rarely recommended at present. Hie 
characteristic violet-like odour of dried and aged 
rhizomes is due to the presence of an essential oil. 
Orris Oil. The rhizomes als«) cotitain a llavone 
glucoside, iridin (Co,H2..(^i;j : m.p., 217"^*). sugar, 
starch, resin, and tannins (U.S.D.. 1(955, 939 » 

Wehmer, I, 169). 

Orris oil occurs in commerce as concrete, alisolute 
(Ii<|tiid) and resinoids. and is highly esteemed in 
perfumery. The rhizomes of /. pallida are preferred 
for the extraction of oil ; those of /. llorctiliua are 
poor in oil content while the oil from /. ^^crmaaico is 
of inferior (piality. Steam-distillation of tlie roots 
yields (o.2-o.4';n) Concrete of Orris, a solid mass of 
yellow colour, with a pleasant, violet-like odour and 
the following constants: m.p.. 40 45*" ; acid val., 
162 216; ester val., 4 36 ; and neutral fraction, 
13 25.5';,.. Klimitiatioti of fatty acids, chielly myristic 
acid, which forms 83-96‘’o of the concrete, results in 
Absolute of Orris, a viscous, yellow to brownish 
li(|uid with a strong hut pleasant odour, characteristic 
of orris root. It has the following range of constants: 
sp. gr.' * , 0.9220.942 : , 1.4862-1.4985 : |u|, -{ 20.1^ 

to 4-36.5'^ : saj). val., 22.0-64.4 ; acid val,, up to 7.4; 
sol. in 0.5 vol. of 90','., alcohol : and ketone content, 
52.8 73.5",,. Resinoids of Orris are obtained fnnn the 
rhizomes by extraction with volatile solvents ; remo- 
v;il of fatty acids results in Absolute Resinoids. Orris 
oil owes its fine aroma to the pre.sence of un.saturared 
isomeric ketones, irones ; absolute of orris and ah.so- 
lute resinoids consist mainly of irones (Guenther, VI, 
79 -k;8 : Pcrfaiti. rsseni. Oil lice., 1947, 3 ^ 0 - 

Orris concrete is hlended with ionone and used as 
a base for violet compositions : it is also useful in 
other floral ottos of this type ; it imparts strong, last- 
ing and alluring notes. The absolute is one of the 
most valuable and exjKMisive perfumes tised in pre- 
parations where a high .‘•'»luhility in alcohol is re- 
tiuirecl. Resinoids of orris are fixatives and find 
use in high class soaps, cosmetics, dentrifices, etc. 
Orris oil is used also for flavouring soft drinks, 
candies and gelatine desserts. Kxtracts of iris bulbs 
are employed in meat curing pickle soluticms to 
prevent food poisoning (Poucher, I, 316: Guenther, 


VI. 104: Kirk Othmer, IX, 586; Clirni. Ahsir., 
1951, 45 , 7723). 

Orris oil is adulterated occasionallv with cedar oil, 

j 

gurjiin balsam and myristic acid. Orris absolute is 
c'ldulterated by ionones and esters of myristic acid 
(Gildemeisier & Hoffmann. li, 270: (Guenther, 

VI. y.p- 

Orris possesses stimulant, cathartic and diuretic 
properties, and is used in bronchitis, dropsy and 
liver c'omplaints : .is powder or in poultice, it is 
applied to sores and pimples (Nadkarni. I, 694 95). 

/. cusaia Thiinh. {Hindi — trisa, sosuii ; KAsitMiK — 
Marjal, tinarjal) is a perennial herb occurring in 
western Himalayas at altitudes of 5.000 9.000 ft. 
Rootstock stout, creeping : stems tufted, up to 2 ft. 
high : leaves linear : Howers lilac or white : s[)athe 
3-4 in. long : capsule 6-rihheci, beaked. 

The root of /. cnsata is reported to possess alterative 
properties and it is employed as an ingredient of 
compositions for purifying blood and for venereal 
diseases. It is also useful in liver complaints and 
dropsy. '^Phe leaves are used as fodder, for thatching, 
matting and basket work. 9 ’he plant is reported to 
give a high yield of fibre (Kin. cV Basil, IV, 2460 ; 
Plant Breed. Ahslr., 1955, 24 , 97). 

The fresh flowers of tliis plant cc>ntain^i).o5 o.r ., 
of an anthocyanin pigment, ensatin chloride 
(G;,A I ,,(),.,Cl.ioH./) : m.|)., 175 ' decomp.). I'he pig- 
ment on hydrolysis yields glucose, malvidin chloride 
(C^,-H,..()-CI) and /)-hydroxv cinnamic acid (Me* 
Ilroy, 56 : C/ieni, Abstr.. 1941, 35 , 1786). 

/. kuniaanensis Wall. (Pi NfAB —Karkar. teztna) is a 
perennial herb occurring in the western llimalavas, 
from Kashmir to Kumaon, at altitudes of S,ooo- 
i2.(KK) ft. Rootstock thick, c reeping ; stems up to i ft. 
high : leaves linear ; flowers bright lilac ; spathe 2 3 
in. long, often enveloped hv the up|K‘rmost leaf : 
capsule 1-2 in. long, ovoid, 'rhe roots and leaves of 
this plant are re|)orted to he used in Ghamha for 
fever ; leaves are useful as fodder. 

/. nepalensis I). Don (Him.\i.ay.\.s ( ’///////////cZe/r, 
ehiluehl. sholi, sosan) is a perennial herb occurring 
throughout the Himalayas and in Khasi hills :u alti- 
tudes of 5,o(H)-io,(K)o ft. Rootstock stout, prostr.ite, 
w'ith densely filirous sheaths and cojiiotis, fleshy, 
finger-like roots : stems slender, up to a foot high ; 
leaves linear, up to 2 ft. long : flowers pale lilac : 
spathe 1.5 2 in. long: capsule oblong, enclosed in 
persistent spathes. 

Hie root of /. nepalensis is reported to possess diu- 
retic. aperient and deohstriietu pro[)erties and is 
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(oiisicIcTcd to l)c cspociitlly useful in removing l)ilioiis 
obstructions. It is also used as an application to sores 
and pimples (Kiri. & Basu, IV, 2461). 

A few species of Iris have been introduced into 
India and grown in gardens in bill stations. Hiey 
lb rive well on rich sandy soil containing leaf mould 
and well rotten cattle manure. The rhizomes used for 
propagation sliould not be kept out of the soil for 
long and planting should not be too deep. The plants 
blossom in 2-4 years. /. ifcrmntiiai and /. florcnlvia 
are popular in bill gardens, particularly in Kashmir. 
The former is a rich .source of ascorbic acid. I'lic 
concentration of ascorbic acid in dilTerent parts of the 
plant is as follows: leaves, 4H6 : blossoms, 420 : buds. 
496 ; base of buds, 604: and roots, 87 mg./icK) g. 
Km rads of leaves containing ascorbic acid, and 
possibly vitamin P, have been employed for the treat- 
ment of frozen feet. 'Hie leaves alscj contain /i-caro- 
lene and traces of n-carotene ((iopalaswamiengar, 
493: ClicftL Ahsir., 1942, 36, bic^S : 1947, 41, 5584; 
i(;4tj. 34, 4425 : Deuel, I, 51(9). 

Iroko — SVC Chlorophora 
IRON ORES 

Next tu^ aluminium, iron is the most abundant 
metallic element, comprising about 4.44'/.. of the 
earth’s crust. It does not occur in llie metallic form, 
except rarely in meteorites. It is found mainly in the 
form of oxides (e.g. magnetite and beinaiitc), hydrat- 
ed oxides (e.g. linuMiite), carbonates (e.g. siderite), std- 
pbides (e.g. pyrile, cbalcopyrite and pyrrbotite), sili- 
cates (e.g. cliamositc and greenalile) and hydrated 
oxides of iron and aluminium (e.g. laterite.s). C'bro- 
mite and ilmenite are also iron-bearing minerals. 

Only a few of the iron-bearing minerals are ex- 
ploited for the extraction of metallic iron. These are 
magnetite, hematite, limonite, siderite and rarely 
laierite. Iron is sometimes obtained as a by-product 
iti the working of pyrites and ilmenite. 

Magnetite (Fe, 0 , : Fe, 72.4%: sp. gr., 5.17-5.18 : 
II.. 5.5 6.5) is the black tnagnetic oxide of iron. It is 
of igneous, replacement or inetamoiphic origin and 
occurs in large masses. It is isometric, the commonest 
crystal form being the octahedron. In the fc»rm of 
loadstone, magnetite is sometimes used as a magnet. 

Hematite (FcmO, ; Fc, 70‘V, : sp. gr., 4. 9-5.3 ; II., 
5. 5-6. 5) is the red oxide of iron. The crystalline 
rbombobedral form (specular hematite) may Inr near- 
ly as black as tnagi*etite, but its cherry-red streak and 
tion-magnetie character distinguish it from magne- 


tite. When earthy or granular, it is red. Large ore 
bodies of sedimentary origin (e.g. banded hematite- 
jasper) occur extensively : some ore bodies are of re- 
placement origin. 

Limonite, the brown ore of iron, was formerly 
considered to include a series of hydrated ferric 
oxides. It is now known to consist of only ferric oxide 
inonohydrate (FeT);,.! LO ; Fe, 59.870) and contains 
ad.sorhed and capillary water. It occurs in amorphous 
form (limonite) and crystallizes in the orthorhombic 
form (goethite and lepidocrocite). I z!pidocrocite (sp. 
gr., 4.09) has a red colour and goethite (sp. gr., 4.28) 
is yellowish brown. Limonite and the crystalline 
monohydrates may have heen derived from surface 
weathering of iron-bearing sulphides, iron-bearing 
silicates or iron carbonates. They are less hard than 
hematite and contain 10 -14",, c‘<)mbined water. 

Siderite (FeCO., : k'e, 48.2% : s|). gr., 3.83-3.88 : II., 
3.5 4) is ct)mmercially known as spathic iron. It is 
dark brown to black in colour and crystallizes as 
rbombobedra in the hexagonal system. Siderite 
occurs as sedimentary or replacement fle|)osits, some- 
times associated witli other carbonates like calcite. 
Though siderite contains less iron than hematite, it 
is .self-fluxing and is therefore considered a very desir- 
able ore for metallurgical purpo.ses. Its grade may be 
raised to that of hematite by calcination. 

Laterites (iron and aluminium hydroxides) are 
|M)rous brown hydrated iron oxide rocks, turning dark 
and bard at the surface. Large workable deposits 
occur especially in the Philippines, Cuba and Indo- 
nesia. The iron content of the ore is low and some 
of the deposits coniain deleterious impurities. 
Laterite is not worked as ore at present except in 
Cuba. 

Ilmenite (kVO.'FiO. ; l*V, 36.8",, : sp. gr., 4.5 5 : II., 
5-6) is in)n-black with a black to brownish streak. It 
has a variable iron-titanium ratio. It is not an im- 
portant iron ore : in Canada iron is obtained from it 
as a by-product of titanium extraction. 

Pyrite (FeS^ ; Fe, 46.6% : sp. gr., 5.0-5. 1 : II., 6-6.5) 
is of golden yellow colour with metallic lustre. It is 
not usually considered an iron ore, but roasted pyrite 
resklues, after the extraction of sulphur, are com- 
monly sintered along with iron ore fines or other 
materials for use in blast furnaces. 

I’he chemical composition and physical condition 
of iron ores influence the character and efTcctivcness 
of processes for recovering iron. Thus, based on the 
treatment rc(|uircd before smelting, iron ores are 
classified into: (i) direct shipping ores which can be 
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used diretliy alter mining and sizing (e-.g. magnetite 
and hematite) ; (ti) concentrating ores which have to 
be l)cneficiatcd bclore use (e.g. sitlerite and limonitc) ; 
and (m) hy-prothict ores from which iron is obtained 
as a by-product (e.g. ilmenite aiui pyrite). Kstimates 
of world reserves of iron ores are summari/.eil in 
Table i. Table 2 gives tlie production of iron ore 
during 1954-1956 in important producitig ct)untries. 

rhe iron content of workable iron ore deposits 
varies considerably in dillcrenr parts of the world. 
Compared to most producing countries, the (juality 
of iron ores mined in India is superior (Table 2). 
Indian iron ore deposits are among the finest and 
largest in the world, the average ore worked at pre- 
sent containing over 60",, iron. 

Hematite is the most important ore used for the 
production of iron and steel. In India, large deposits 
of hematite occur in Bihar, Orissa and Madhya 
Pradesh, and only the ores containing 55 65',;, iron 
are at present utilized for smelting. Large deposits of 
magnetite and limonite also occur in India, hut these 
are not e\[)loited at present. 

Consistent with the pr(»gress of the iron and steel 
industry in India, the output of iron ore has gone 
uj) from 5.66 million tons in 1951 to 5.07 milluHi tons 
in 1957. riie production is expected to go up to over 
15 million !<»ns per annum by 1960-61 to meet the 
expanded demands of the existing steel plants, as well 
as those of the new steel plants under erection. At 
pre.sent, Bihar [ind Orissa between them account for 
about S5'’., of the total iron ore prodiution in India. 
Nearly 75",, of the output is smelted : the rest is 
exported. 


TABI.I-: i -woRcn Rr:.si«:Rvi:.s or iron oRrs' 
(iiiillion loM^) 


Kcgiuii 

Keserx cs 

Iron content 

North America West Indies 

14,100 

6,600 

South America 

li;,700 

10,000 

Kiiiopc (exclufling L^S.S.K.) 

16, ISO 

6,400 

t'.S.S.K. 

.1,200 

1,000 

Africa 

4.100 

2,000 

Asia A' Middle l-ast | 

26.000 

14,400 

Oceania 

1,000 

500 

'I’otal 

S4,.SS0 

41,700 


* Suruex of World Iron Rcsoun cs : Occurrcncr, Afyfnoisnl amt 
United Nations, Dep. Keon. Soeiat Affairs, I ‘^55, .VI. 

1 1 net lid in j; 21,000 million tons in Italia. 


TABLE 2— PRODUCTION Ol- IRON ORE IN PRINCIPAL 
PRODUCING COUNTRIE.S' 

(thousand totis) 



I0.S4 

1.055 

1056 

Approx, iron 
content 

Cn) 

Algeria 

2,S60 

4.5 2 S 

n.a. 

55 

Austria 

2,670 

2.7S7 

4,IS7 

40 

Bra/.itf 

1 ,646 

2.514 

n.a. 

f)5 

Canada) | 

6.66S 

14,6 IS 

1 0.560 

55 

France 

42.04S 

40.421 

51.626 

45 

W. (German y 

0.514 

II.I4S 

11.072 

.i0 

India 

4,010 

4,245 

4,1 SV 

65 

Japan t 

1 .50S 

1.527 

1 ,S74 

.s.s 

Sweden 

l.\0IS 

1 7,005 

1 S,675 

(>0 

U..S.S.R. 

64.0.14 

70.442 

76,440 

60 

1 .K. 

I5,4SS 

16,1 1 1 

16,241 

.>lt 

1 .S.A.*^ 

77,.>60 

104,524 

06,S70 

50 


* Mineral Prodm tion in India, Indian Ihircaii »)l' Mims, lO.sh, 7V 
f Kxports : 1 1 Shipments ineliidin]^; Newlonndland ; {Ini hiding 
iron saml ; **l'',xcluiling tiiatiganiCcroiis iron ores containing .S "., 
and above of tnatiganese 
n.a. Not a\ailahle 

Orkun and Moor, or Occi rrknck 
Only a few of the world’s iron ore deposits are of 
igneous origin. The great majority f)f them li.ive 
been formed by deposition from surlace or under 
ground waters, the iron being norma I Iv derived by 
solution from pre-existing rocks under ordin.iry 
temperature conditions. In some cases, the iron 
minerals have been concentrated in the form ol iron 
.sands. Certain important lateritic ores in Cuba, 
Borneo and the Philippines are of residual origin. 

The deposition of iron carried in solution may lx* 
caused by displacement, e.g. iron .solutions traversing 
limestone l)cds may take lime carbonate into soliilion 
and deposit iron carbonate, the latter replacing the 
di.ssolved limestone. K,vaporation and con.se(|uent 
saturation may also cause de|K).sition of dis.solved iroti 
compounds. Electrolytes occurring in natural waters 
may also precipitate iron. 

The iron ores of India can he divided into three 
major groups according to their origin. The first and 
the most important group compri.ses the handed 
hematite-jasper formations of pre-Camhrian age. In 
the imnietainorphosed type, wltidi iiuitides the 
majority of the larger deposits (Mysore, Sam lit r and 
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(ioa in SoLiih Jndia and Bihar, Orissa and Madhya 
Pracicsli in Norih India), ihc ore bodies liave been 
derived by the enrichment of banded ferruginous 
rocks through the removal of silica. The orc!“ bodies 
generally form the top of ridges and hillocks and 
are often of great magnitude. Most of them contain 
high grade ores (over 60';.. iron) near the surface as.so- 
ciated with large (piantities of lower grade ores. 
Where metamorphosed, the hematite-jaspers have 
been converted into banded (|uartz-magnetite rocks 
in which the magnetite is derived from the original 
hematite, rhese latter ores are of low grade (35 40% 
iron), owing to their association with (jiiariz but arc 
amenable to concentration. 

The second group consists of sedimentary iron ores 
of sideritic or limonitic composition. Kxamples of 
such ores are ironstone shales of the eastern coal- 
fields (d Bengal and Bihar and the ferruginous l)eds 
occurring in the Tertiary formations in parts of the 
Himalayas and Assam. The sideritic ore is often 
hydrated and changed to limonitic ironstone near the 
surface. 

The third grouj) consists of lateritic ore derived 
from the subaerial alteration of iron-lH*aring rocks, 
such as gneisses, schists and basic lavas, tinder humid 
tropical conditions, resulting in the concentration of 
hydrated oxides of iron, often associated with those of 
aluminium and manganese. Lateritic caps cover large 
stretches of the Deccan Trap, the gneisses in western 
ghats, the sc histose rocks of many areas (e.g. Sandiir 
in Mysore State) and impure limestone formations. 

In addition, iron ore deposits of igneous origin also 
occur in India, e.g. the apatite-magnetite rocks of 
Singhbhum copper belt aitd the lilaniferous and 
vanadiferous magnetites of south-east Singhbhum, 
Keonjhar, Mayurbhanj and south Mysore. Mention 
may also be made of the lode deposits of hematite, 
possibly of hydro-thermal origiti, which occur in 
Veldurti and Ramallakota in Kurnool district, 
Andhra State. These deposits are, however, tiot of 
great importance (Krishtian, Bull. geo/. Surv. India, 
Scr. /I. No. 9, 1954. 14. toi). 

'riie geological formations, the types of ores found 
in them, and the regions in which such deposits 
occur are given in Table 3. 

DlS’lRIBlvnON 

Iron ores occur practically iti every State iti India 
but richer deposits arc found mainly’ in Bihar, 
Madhya Pradesh, Orissa, Bombay, Mysore, Madras 
and Andhra. 


Andhra 

Cuddapali district — Hematite occurs iti an area 
about I mile south of Chabali (t4”3o' : 78°36'). The 
ore, shaly in texture and chocolatc-colourcd, is distri- 
buted in shallow patches. The largest patch, west of 
Sallaiieelti Kunta, is estimated to contain 40,000 


TABLE ^--GEOLOGICAL DISTRIBUTION Oh INDIAN IRON ORES' 


I'ornialioii 

Nature of ore 

OecurreiKC 

Prv-Cambrian 



Basic: & ultra- 
basic: rocks 

'litaniferoiiN & 
vanadiferous 
magnetites 

Bihar S.K. Singlihluini 
Orissa Mayurbhanj 
Mysore Southern districts 

(baiiodioritc 

Apatite-magne- 
tite roc:ks 

Bihar Singhbhum 

Orissa Mayurbhanj 

(baiiitc 

Magnetite (resi- 
dual) 

A.s.sam Jaintia liills 

Bihar Singhbhiini 

Orissa Bonai, Keonjhar, 
Mayurbhanj 

Mysore - Shimoga, Ohik- 
magalnr, Dharwar, 

Sandiir 

Banctc'd iron for- 
mations 

llc'inatitc: (mass- 
ive, shaly, pow- 
dery, et(\) 

Bombay Kainagiri 
i\ 1 ad h ya Pr.idesh — B;isi a r, 
(lhanda. Drug, Jabalpur 

Baticlccl iron for- 
mations (meta- 
morphosed) 

Magnetite- 

(]uart/iles 

Madras S;ileni, T'iriichira 
palli 

Mysore Shimoga 
Himachal Pradesh Mandi 
Andhra (hintur 

CuMipifi 



Bijawar 1 
(hvalior / 

flematite fer- 

ruginous cpiari 

Madhya Pradesh (h\alior, 
Indore, Bijawar, Uesva 
Andhra (luddapah 

(ionftnana 



Barakar 1 
Mahadeva/ 

Ironstone: A: 
siderite 

Bengal Birbhum 

Bihar Aiiranga coal- 
field 

Ironstone shales 

do. 

Bengal Kaniganj coa! 
held 

t'riassic 

Hematite:- A' 
iimonite 

Kashmii 

Jurassic 



Kajmahal 't'rap 
(inter-'l’rap|H’an 
l>cds) 

Ironstones 

Bengal Kajmahal 

Bihar Birbhum 

Tertiary 

Mioccue & 

Kocetie 

Ironstones 

Kerala — IVaxancore, 
Malabar 

Assam — N.K. districts 
Uttar Pradesh Kumaiin 

Quaternary 

Laterite 

All States -derived from 
many formations inc'liid 
ing Deccan Trajis 

' Krishnan, Hull, t^eol. Surv. Iiitlia, 

Ser. A, No. % I9.s4, m. 
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tons of ore within a depth of 20 ft. Near Pagadala- 
pallc (i4”i 7':78°37'), smaller patches of iron ore of 
the same type occur. The deposits are not extensive. 
Being soft, a large part of the ore can he used as paint 
pigment (Krishnan, Mem, gcol. Surv. India, 1951, 80 , 
'42). 

Guntur and Ncllorc districts Both magnetite and 
hematite hearing schists occur in these districts. 
'I'here are two groups of occurrences — the Ongole 
group and the Ciundlakamma group. The Ongole 
group occurs 15 miles north of Singarajakonda 
(15^52': 79°59') and comprises 4 deposits, vi/. the 
Ongole heds, Keonije<lu-Marlapadu beds, Peruametta 
beds and Sanainpadi heds. The first three lie in 
Cuntur district and the last one in Nellore district. 
T’he reserves of ore (33 37 Vo iron and 40 50% silica) 
in these deposits are estimated at 293 million tons. 
The ore is not suitable for direct smelting hut is 
amenable to heneliciation {Indian Tr, 1957, 200 , 4). 

'I’he Gundlakamma group consists of 4 or 5 sub- 
groups stratigraphically related, hut geographically 
separated from each other. Among these, the Bura- 
palle subgroup consisting of two thick and fairly 
rich heds exposed at Tammavaram hill (i5°4i': 
Si "o') is perhaps the richest; the Maniksevaram 
(i5"45': 79"59') hand which is more than a mile long 
and located about lyi miles N.N.W. of Burapalle 
is another The third subgroup appears as a group 
of 5 heds exposed on the hills 2 miles north of 
Addanki. Three of these are fairly rich in iron and 
form the Singarajakonda (15^52' ; 79^59') deposit. 
Four miles N.W. of Singarajakonda 4 other hands are 
seen. Several heds of hematite schists interlaced with 
micaceous and Haggy schists occur in Chundi hills hut 
only 2 or 3 of them .seem to he fairly rich in hematite, 
rhere are also some handed hematite-(juart/ites and 
hematite schists in the .southern parr of Nellore dis- 
trict extending between frcola (i3”4S' : 79°58') and 
IVe.salmare (i3"5i': 79"54') (Krishnan, Mem. geo/. 
Surv. India, 1951, 80 , 145). 

Kuniool district — A .series of de[)osits of high grade 
hematite, often .siliceous, occurs between Veldiirti 
77°5h') and Ramallakota (i5"34' : 78" 1'). The 
ore is of good <|uality. j)artly specular in character, 
and also jaspery where it is siliceous. The ore bodies 
are lens-like when large and form veins and stringers 
in the fault zone. The reserves of the deposits are 
estimated at 3.7 million tons up to a depth of ich> ft. 
(Krishnan, Mem. geol. Surv. India, 1951, 80 , H5)- 

In the north-eastern districts of the former 
Hyderabad State, which now form part of Andhra, 


there are a few hematite-magnetite deposits, usually 
highly siliceous. The chief deposits lie between lati- 
tudes i8°4o' and 19^20' and between longitudes 78° 
and 79°, near the junction of the districts of Adila- 
had, Karimnagar and Nizamahad. I'lie handed 
formations vary in thickne.ss between 50 ft. and 150 
ft., the maximum thickness (150 ft.) being found in 
the Chityal hills 1 19^5' : 78^45'). 'I'hese ores contain 
on an average 40*’, . iron and ihe reserves are estimated 
at 32 million tons. 

In Warangal distriii, south of Singreni coallields, 
occurs a hand of ironstone consisting of magnetite- 
(|uartz schists containing 40'’., iron. The (|uantity of 
ore in this area has been estimated at 5.5 million tons, 
'rhere is also a group of deposits near Tavvargera 
(i5“45' ; 76^20') in the south-west part of Raichur 
di.strict. 

1'here are large spreads of laterite in Bidar and 
Vicarahad plateaus which, though highly ferrugin- 
ous, are too high in alumina to he considered suitable 
for exploitation at present. They contain 20-40''.. iron 
and some titanium (Kri.shnati. Bull. gt'o/. Surv. India, 
Ser. A, No. 9, 1954, 160). 

Assam 

Lakhimpur and Sihsafrar districts — Iron ores are 
found in two grotips of geological formations: in the 
Kocene coal measures as clay ironstones and in the 
'Fipani .series (Miocene) as impure sandy limonite 
hands in shales and sandstone heds. 'Hie former con- 
tains spheroid nodules of varying sizes segregated 
along thin hands in a group of interst ratified shales 
and .sandstones ; the nodules occasionally cement 
together into a conglomerate. "Fhe clay-ironstones 
(Fe, 20 40"..) are of no im|>ortance at present, 'fhe 
ore from the Tipam series is also of poor (|ualitv (Fe, 
25 40“..). 

In the Khasi and Jaintia hills, deposits of magne- 
tite derived frotn the decomposition of granite 
masses occur over an area of 12 s(|. miles, about 
18 miles north of Cherrapunji. 'rhese were worked for 
about 40 years during the latter half of the tiinC' 
teenth century (Krishnan, Indian Minerals, 1932, 
6 , 120). 

Bihar and Orissa 

Palamau district — Clay-ironstones and hetnatite 
occur at Rajhar (23^47' : 84^39') as strings of nodules 
in a zone of ferruginous shales. 'I'lie average iron 
content of the analyzed .sam[)Ies was 44.8'’,,. Similar 
ore occurs north of Balunagar (23"5o': 84^41') and 
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near Morwai (23^46' :84“7'). Near Daltonganj, magiie- 
lite occurs in two groups of cie|X)sits, one near Gore 
(2 83^58') at the top of 4 hillocks and the other 

near hiwahathan (23^55' : 84°3'). The ore consists 
mainly of magnetite which has been partially re- 
placed by hematite. The reserves near (iore have been 
esiimafed at 4 (kmmx) tons of good grade magnetite 
of 55 60",, iron. Biwahathan ore has an average iron 
content of 6o'\. (Krishnan, Bull. geo/. Surv. India, 
Scr. A, No. 9, 1954, 116). 

Siu^lihhuni district — A zone of apatite-magnetite 
rock is found closely associated with the copper belt 
of Singhhhum. e.specially bet ween 1 )hadkidih 
(22 ''45': 86“6') and Khejurdari (22°24': 86^34') in 
south-east Singhhhum. The rock also contains biotite, 

( hloritc and very subordinate ([iiartz. It forms lenses 
of varying sizes from a few inches to a few feet thick 
and of varying lengths. The principal mineral present 
in tlie rock is apatite and the relative proportions of 
apatite and magnetite vary considerably from place to 
place. Magnetite is abundant in the rocks near 
i\'itliarghara (22''32' : 86^27'). Large len.ses are found 
at or near Kumharia (22^44': 86^9'), Ramchandra 
pahar (22"43' : 86" 12'), Kanyaluka (22^29' :86°3i'), 
Badia (22^29' : 86"28') Sunrgi (22^27' *.86^27'). 

rhe deposits are comparatively small and of not much 
importance at present. 

Sin^hhliinn and Afa\ttrhlianj districts -An south- 
east Singhhhum and the adjacent parts of Mayur- 
hhanj to the south and .south-west of the copper belt, 
there are a few deposits of tiianiferous magnetite 
which often contain ranadium in the form of micro- 
scopic iticlusions of coulsonite (iron-vanadium oxide). 
Occurrences are known around Duhlahera (22^29' : 
86" 1 7'), Sindur|)ur (22^28' : 86 " 15'), Kiimhardubi 
22" 17' : 86" 19'), Bet Jharan (22° 16' : 86 " 19'), Kaduani 
(22" 1 7': 86"2 1'). Kudada (22^42' : 86" i 2'), Pora pahar 
and Kotwar paliar. Only an approximate idea of the 
distribution lias been possible as the region is covered 
by thick jungles, soil and rock debris. 

riic ore occurs as veins, lenses and |)ockets in gab- 
hroid and tiltra-hasic igneous rocks, but they do not 
form conspieuoiis outcrops. 'j"he deposits contain 
mostly titaniferous magnetite (sp. gr., 3.8-4.8 ; TiG.^. 
10 -25' .. : V./).,, 2-7“.,) and in many cases appreciable 
amounts of hetnatiie. 'riie Kiimhardubi dejxisit is the 
largest so lar known, the reser\es of the ore at the 
surface being estimated at 1 million tons. Data on 
the other deposits are not available. Preliminary re- 
con naksa nee in the Siinlipal area of Mayurbhan] 
district indicates the presence of similar deposits of 


magnetite ore (Dunn cV Dey, Trans. Min. geo/. Inst, 
fndut, 1937, 31 , 117-83). 

Singhbhinn-Kconjhar-Bonai districts The most 
important deposits of iron ore in India occur in south 
Singhbhuni and the adjoining districts of Bonai and 
Keonjhar in Orissa within the area bounded by north 
latitudes 21 "41' and 22°2o' and east longitudes 85°5' 
and 85°32'. The deposits consist of unmetamorphosed 
pre-Cambrian sedimentary iron ores of the handed 
(|uart/ite type. They form part of a pre-Cambrian 
sedimentary setpience known as the Iron Ore Series 
and are associated with basic volcanics and pyro- 
clastics and are overlain by sandstones, conglotnerates 
and lava. 'I'he rocks of the Iron Ore Series have a 
general north-nortli-east to south-.south-west strike. 

The banded ferruginous rocks cotisisr of alternating 
bands of hematite and tpiart/, tlie latter being jas- 
pery. In the jasper hands the silica may be chalce- 
donic or micro-crystalline. The hematile-jas|)er hands 
are coloured in various shades of yellow, red or 
brown, according to the amount of iron present. The 
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FIG. 139. MASSIVE IRON ORES (BONAI) 


hematite hands often stand tip due to their greater 
liardncss, while the jasper, hands whicli are partly 
leached out form depressions. The individual layers 
vary considerahly in thickness (av., 0,05 in.). The thick- 
ness of the ore bodies is in many places 1,000 to 2,000 
ft., and occasionally up to 3,1^30 ft. In south Singh- 
bhum, Keonjbar and Ronai, the hematite-jasper 
bands form prominent ridges rising to 2,5 <k)-3,ooo 
ft. ^l"he lower ground is ocdipied by pliylliies, lava 
and sbales. Tn some places in Bonai and Keonjbar 
districts tbe pbyllites bave been partly replaced by 
manganese ores. 

'Hie banded hematite-jasjier is fre([uently seen to 
change laterally into hard massive ore, or into the 
laminated variety with a shale-like appearance, or 
into the |>owdery variety. These varieties having 
dilTerent physical properties are described as massive, 
laminated, sbaly and powdery ores, 'riie most 
common type is tbe massive ore which is hard, 
compact and dark brown to brownish black. It is 
commonly found on tops of ridges, .sometimes 
extending downwards to 50-100 ft. It weathers into 
large (1-2 cti. yd.) rugged blocks with a smooth 


polished stirface. Massive ore (sp. gr., c. 5.0) contains 
68-707.. iron. 

The laminated ore possesses a series of laminations, 
sometimes with open spaces between them, partly or 
wholly filled up by powdery ore or by a sbaly sub- 
stance. I'he (|iiantity of this ore is much more than 
that of the massive ore. The laminated ore is less 
dense and poorer in iron content (55- 60''.,) than tbe 
massive ore. It may be made richer by breaking up 
and screening the interstitial powdery material. 

'I'he shaly ore generally occurs at some depth in 
the workings : it has a shale-like texture with a silky 
or .satiny lustre. Some samples are rich (68 70'V, iron) 
while others are comparatively poor (60'., iron) and 
contain siliieous and aluminous matter intercalated 
between the layers. 

Tbe powdery ore is found as small lenses and 
patches in workings and consists of thin bedded crys- 
talline material of blue-black colour. When in situ, it 
shows bedditig and may contain Itimps of laminated 
ore within it. but becomes powdery with the slight- 
est disturbance. Sometimes it has a micateous 
appearance owing to the panicles being minute Hat 
Hakes of specular hematite. It consists mainly of 
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hcmatiic, occasionally mixed with niartite, and is 
fairly rich in iron (66 69 '■*<). hut so far no attempt has 
heen made to sinter it for use in blast furnaces. 

fn addition to the above major types, there is also 
a gritty, con)^lomeratic and hrecciated type of ore 
formed by the binding together of ore pieces by 
secondary limonite. 'I’his ty|)e of ore is usually of high 
grade (over 60 ’,. iron) (Krishnan, Rull. geo/. Snrv. 
hiditi, Scr. /I, No. 9, 1954, 

'riu* most conspicuous groups of deposits of the 
Singhhhum-Keonjhar-Bonai region form a hill 
range about 30 tniles long, from a point about \ miles 
south-west of (ilia (22'' i/ : 85“ 23') in Singhhhiim 
district to near Kontha (21° 46' : 85” 8') in Honai 
district. This range is capped in most |)arts by massive 
hematite which is continuous, except for short breaks 
at \ or 4 [)laces. 'inhere are also 4 or 4 parallel ranges 
beyond and north of Cua which are also capped by 
high grade ores. Other large de|)osits in this area 
include Hudha Burn east of Ankua (22” 18' : 85" 16'), 
Raijori Bunt west of Gua, Koiamati Bunt where 


Noamundi mines (22® 9' : 85° 28') arc situated, 
Thakurani pahar (22° 6'; 85° 26'), Bara pahar and 
Banspani pahar near Joda (22° 1': 85° 26'), and the 
hills near Kurhand (21° 57': 85® 24'). 

The chief operating mines in this area are the Noa- 
mundi iron mine of the Tata Iron Steel Co, Ltd., 
the (hia and Manoharpur mines of the Indian Iron 
& Steel Co. Ltd., anti the mines of Bird & Co., 
near Barajamda (22° 10': 85° 25'). The size of some 
of the larger ore bodies of the region can he roughly 
followed by the estimates made by the Geological 
Survey of India nearly 30 years ago (Table 4). These 
estimates have heen revised and the total resources 
of high grade ores of Singhhhum-Keonjhar-Bonai 
region are now estimated at 8,cxx) million tons (Perci- 
val, Trans, fiat. Inst. Sei. India, 1947, 2, No. 8). 

Maynrhlianj district — Hematite deposits of large 
magnitude occtir in the following places: Gorumahi- 
sani hill ; Sarandapir, close to Bandgaon : Sulaipat- 
Badampahar range, extending over a distance of 12 
miles from Kondadera to Jaidhanposi : Simlipahar 
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TABLE ^-ESTIMATED RESERVES IN SINGHBHUM-KEONJIIAR. 


BONAl REGION* 
(million tons) 



Qly 

Main inni oir ranj;i* 

1,875 

niiilha lUirii 

145 

l\iiisira Kuril 

10 

Kntamati Kiini 

ISO 

n.’U'liri Kill'll 

00 

Thakiiraiii pahar 

250 

Kara pa liar 

12 : 

Kanspaiii pahar 

50 

Sirliiainat jialiar 

25 

Kiirhand ik Satkutiiia hill.s 

48 


* Krislin.-in, Hull. Sinv. Iiuliu, Srr. J, No. V, 1954, l,U>; 

joncs, Mfin. t^rol. Sure, huliu, 19.H, 63 (-). -•''<1 ^>0. 

range and a trait to the cast : and several localities 
from Kaindahedi to I'hakiiriniinda. over a distance 
of 25 miles. 

The Gonimahisani hill (22^ uj : height, 

2.964 ft.) is made up of handed hematile-ipiart/ites 
associated with ([uart/ites, epidiorites and gruneritc 
hearing rocks. The handed hcmatitc-ipiari/ile con- 
sists of alternating thin layers of hematite and ipiartz 
or jasper and occupies the eastern part of the hill, 
which is capped on the north and east hy ore bodies. 
'J'he top of the hill shows a lateritic capping, while a 
parch of soliil ore occurs in the south-western parts. 
The ore is of two types - a massive hard hematite 
and less compact lateritic hematite. The hard ore 
appears to grade into handed grunerite liearing rock, 
which is often rich enough in iron to he considered 
as the ore. On the top of the hill there is much 
detrital ore which has been worked to-date : some 
workable deposits of this ore also occur on the north- 
western slopes. "I"he patch of lateritic ore on the top 
of the hill, extending down the northern and 
southern sides, covers an area of 17.5 million s(|. ft. 
rhe hill was originally reported to contain about 10 
million tons of iron ore, hut nearly 13 million tons 
have actually been mined, and a further survey hy 
the 'Fata Iron & Steel Co. Ltd. revealed the existence 
of al)our 19 million tons. 'Fhe average iron content of 
the ore so far worked is 62-64%. A typical analysis of 
the solid ore is as follows: Ke, 64.33: SiO.,, 1.64: 
P, 0.075; <>-02i%. (Krishnan, Bull. (real. Surv. 

India, Ser. /!, No. 9, 1954, 126). 

'fhe Sulaipat or Okampad deposit (22® 9% S6^ 15') 
forming a peak (2,535 ‘^tilaipat range, 12 


miles .south-south- west of (forumahisani hill, is com- 
paratively small. 'I’he ore is of high grade (Fe, 69.05 ; 
SiOjj, 0.90: Mn. 0.09: and P, 0.016";',). Up to 1950, 
3.5 million tons have been worked : the remaining 
reserves are estimated at less than one million tons. 

The Badampahar deposits (22" 4': S6° 9'), are 
about miles south-west of Sulaipat. The hill con- 
tains a series of ore bodies covered with a large 
amount of float ore, which was the only ore worked 
until recently. 'Phe ores are of variable composition, 
the average being poorer in iron than that from 
Gonimahisani or Sulaipat, but generally more porous 
and well suited for the blast furnace. The average 
ore contains: Fe, 55.0: SiO.. 7.5: and AI.O;,, 2.8"i',. 
A light-weight yellow ore (Fe. 66.6 ; SiO,, 0.72 : 
AI.O.,, 0.42 : P, 0.062 : and S, 0.15",.), possibly derived 
from the alteration of basic igneous rocks, is now 
being utilized. Up to 1950, over 8 million ions of ore 
have been extracted, aiul the remaining reserves are 
estimated at 32 million tons (Bose. Ree. ijreol. Surv. 
India, 1904. 31 , 168 : Percival, Trans, nat. hist. Sci. 
India, 1947. 2 , No. 8 : Krishnan. 1955. 91). 

All these deposits are worked hy the I'aht Iron c* 
Steel Co. Ltd. 'The reserves in tlie leased areas are 
estimated at 60 million tons, hut there are probably 
some lower grade ores in the Badampahar are, a 
(Survey of lf'o/7^/ Iron Ore Resourees : Occurrenee, 
AFlyraisal and (/.sc. United Nations. l)ep. Faon. 
Social Affairs, 1955. 278). 

Bombay 

Iron c)re deposits are found in the pre-Gamhri.tn 
formations in Ghanda, Ratnagiri and N.iv.inagar 
districts Bombay State and also in (loa. 

Chanda district Inm ore deposits occur in the 
northern part of the district in a .series of lenses which 
ri.se into small hillocks. 'Phe strata are of pre- 
C'ambrian age and consist of a series of schists and 
banded hematite-ipiart/iles, the latter having been 
enriched to iron ore in |)laces. The major oc( iirrences 
are at Lohara (20° 23' : 79° 44'), Pipalgaon (20'' 33' : 
79” 29'). A.sola (20*" 14' : 79*^ 46') and Dewalgaon 
(20^ 23' : 79"^ 59'). The loi.d reserves in .ill these 
deposits are estimateil at 22 million tons. 

Ratnagiri district Iron ore occurs in the enriched 
upper ])ortions of banded ferruginous rocks forming 
part of the Dharwarian system in a series of expo- 
sures near Kankauli (16^ 16': 73" 45'), east of Vagda 
(16° 14': 73° 45'), east-north-east of Ka.sal, .south- 
sonth-west of Kiinda (16" 9': 73"" 46'). near Katta 
(16” 5' : 73" 40'), and at Redi (15'' 45' : 73'’ 44). 'Phe 
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(k-posit at Kali is ilic lari;csi. bcin^ about a mile long 
and 500 yd. or more wide, rising to a height of 220 ft. 
Its surface shows somewhat Inreritic material lying 
above hematite of good (|uaiity. 

In the former Sauraslitra region of the State 
lateritie iron ore of good (pialiiy (44-67“,, iron) oa iirs 
in Navanagar in fairly large (|uantities, particularly 
around Nandana (22'^ S' : 6</ 20'), Ran (22” 10' : 
69-’ 20'), Mewasa (22'^ 13' : Caf 21'). Hahardi (22° 13': 
69 "" 25'), Vir|>iir (22^' 15' : 69^’ 2f') and Asoia Mota 
(22'' 16' : 69^ 25'). Deposits of iron ore also occur in 
Porhandar. Jimagadh and Bhavanagar. These depo- 
sits are, however, not of much economic importance 
at [)resent (Roy, 1953, 155). 

(U)(i -Several deposits are ktiown to occur at 
Bi('holiin (15” 30': 73^" 55'). Sirigao and Kosti. The 
ore at Bicholim is associated with handed ferrugin- 
ous rocks forming part of the Dharwarian system. 
1'he deposit consists of laterilic ore at the surface 
<iver hard and somewhat porous hematite containing 
small (juaniities of magtietite. Bicholim ore contains 
60 62",. iron. 'The ore at Sirigao is similar to that f)f 
Bicholim and contains 57-5^“, iron. 'I’he K(»sti 
deposit is said to he derived from a ferruginous 
green schist and consists <*f magnetite with some 
hematite and limonite. All the deposits are being 
worked for export. The reserves at Bicholim, Sirigao 
anti Kosti are reported to he of the order of 
250 millitui, 30 million, and 7 million tons respec- 
tively (Krishnan. Bull. Surv. Indui, Scr. /!., 

No. 9. 1954. 13S). 

1 limachal Pradesh 

Mnudi In Mandi, appreciable (juantiti^s of iron 
ore occur in a hand nearly 1 1 miles Itnig. The ore 
hotly ct)nsists of hantletl tnagnelite .schists anti 
micaceous hematite schists alternating with tpiart/.irc 
anti contains 43 48“,, iron. 'Phe t)re is friable and can 
he easily crushed anti concentrated elect rt)magneti- 
tally to yield a concentrate i)f 63.7 V., iron content. 
The reserves up to a tleprh t)f 300 ft. are estimated 
at 60 million tons. As the tieposits are Ittcated in a 
dillicultly aicessihle region, the ore is not being 
exploited at present (Roy cV Mukherjee, Quart, ]. 
gi'nl. Sac. India, 1939, 11 , 49). 

Jammu Kashmir 

De[)osits of iron ore have been recttrtletl at (^angani 
(34" 8': 76'^’ 8'), Latida, Matah (33° 8': 74" 44'). and 
Khantlli (33” 26' : 74" 28'). 'Phe tieposits are not of 
mtich signilicance. 


Madhya Pradesh 

FAtensive tieposits of iron t)re t)f excellent tptality 
t)ccur in Basra r. Drug, Chantia ant! Jabalpur districts. 

Bastar district — Iron t)re occurs in Bailadila moun- 
tains and at Rowghat. The ore in Bailadila moun- 
tains is fttiind in pre-Camhrian sedimentary forma- 
titms, cal let! the Bailadila lrt)ii Ore Series, which 
re.semhies tlie Iron Ore Series t)f Bihar and Orissa. 
Ir is mostly hematite : a few small deposits contain 
magnetite. So far, 14 tlept)sits have been lt)cated, 5 tm 
the western side anti 9 t)n the eastern side of the 
Bailadila range : 8 t)f these are large and important. 
In general, the t>re near the surface consists t)l 
ma.ssive, compact, almost pure hematite (over 
68 Vo irtni) : large tpiantities (»f high grade tlehris or 
floats are ft)untl on the hillsides surrt)unding the 
inajt)!* tlept)sits. The reserves in the tie|)osifs t)f this 
region have been ct)nservatively estimated at 610 
million ttms up to a tiepth t)f 200 ft., hut the actual 
reserves may he 5 or 6 times this figure (Crookshank. 
Trans. Min. geo/. Inst. India, 1938, 34 , 253 ; Kri.shnan. 
Bull. geo/. Sun\ India, Scr. A, No. 9, 1954, 147). 

At Rowghat in Narain|>ur tehsil there are 6 major 
deposits (between north latitudes 19° 46' and 19" 55', 
and east longitudes 80“ 6' and 81” 12') of hematite 
in precipitous hills, 1,500 ft. above the general level 
of the surrounding country. 'Phe total reserves up to 
a depth of 150 ft. have been conservatively estimated 
at 740 million tons. 

Near Parrekaro (20“ 23': 81“ 4') deposits of 

massive hematite and of micaceous hematite have 
recently been located in the Aridungri hill. 'Phe 
w(»rkahle re.serves up to a depth of 200 ft. have been 
estimated at 6 million tons of massive ore and 20 
million tons of micaceous ore. Reiently 10 de[)osits 
of high grade iron 01 with an estimated reserve of 
over 12 million tons have been located in Ilahalaodi 
(20” 3' : 80^’ 50') I Krishnan, BtdI. geo/. Surv. India, 
Scr. A, No. 9, 1954, 150; CHuitterji, Rcc. gcal. Surv. 
India, 1954, 85 (pt 1), 65]. 

Drug oi.v/nV/ - High grade iron ores, extending 
about 20 miles, occur on the Dhalli and Rajhara 
hills (20"’ 34': 81" 4'). 'Phe ore is derived from handed 
heinatiie-ipiart/.ites. 'Phe exposures show abundant 
boulders and blocks of ore strewn- on the surface. 
Phe ore bodies are lenticidar in shape. The ore is 
ma.ssive. com[)act and hard hematite with small 
(]uantities of nuignetite in some places, and occupies 
the tops of ridges. Hydrated oxides and lateritic pro- 
ducts are also found occasionally. The main ore 
bodies are found in Rajhara pahar (20^34' : 8i°5')* 
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west of Rajhara pahar, south of Jharandalli 
(20® 34' : 8 i® 4'), Kondekasa (20® 35' : 8i®2'), and 
the ridge south-west of Kondekasa. The total reserves 
in this area have recently been estimated at 150 
million tons of high grade ore of over 60% iron ; 
according to earlier estimates the reserves were about 
1 14 million tons [Chatterji. Rec. geol, Surv. India, 
‘ 953 . *4 (pt i), 77J. 

Jabalpur district— Iron ore occurs in the north- 
eastern parts of the district. The principal ores are 
micaceous and siliceous hematite, part of which has 
been converted into laterite. The important deposits 
are located near Agaria hill (23°23' ; 80° ii'), Jauli 
(23®23' : 80° 16'), Silondi (23®3o' : 8o°8'), Gosalpur 
(23®24' : 8 o® 5'), Ghogra (23°29' : 80” 14'), Saroli 
(23® 24' : 80® 13'), and Kanhwara hills (23®55' : 
8 o® 28'). The bed of laterite ore found on the lop of 
Agaria hill is 7-10 ft. thick and contains specular 
hematite in the form of {>ebbles and fragments. The 
quantity of laterite in this hill has been estimated at 
14 million tons, though the reserves of richer latc- 
rite, containing 49-59% iron might be only 0.75 
million tons. 

Large deposits of lateritic iron ore consisting main- 
ly of pisolitic hematite, occur in and around Kanh- 
wara hills, covering an area of over 2^ sq, miles. 'Fhe 
total quantity available in this area has been esti- 
mated at 49 million tons. 

The ores in Jabalpur district are of rather low 
grade (45-60% iron). Most of them are friable and 
mixed with shaly or siliceous impurities, but they can 
be improved by beneficiation. The total reserves in the 
district are estimated at 100 million tons (Krishnan, 
Bull, geol, Surv, India. Ser. A, No. 9, 1954, 157). 

Fairly extensive cappings of laterite rich in iron 
are found in the districts of Giina, Shivpiiri, Shahja- 
pur, Bhilsa, Ujjain and Mandasor. Occurrences of 
iron ore have also been reported from Par hill 
(26®2' : 78®4'), Mangor (26°5' : 78®4'), Santao 
(26®6' : 78^9'), Ratangarh (24®48' ; 75® 7'), Jat 
: 74 ” 57 ')’ Pardha (24^32' : 75^10'), Bain 
(22°25' : 76®43'), Sendrani (22®28' ; 76® 38'), Bhauri- 
khera (22°22' : and a few other localities. The 

deposits are of little importance at present (Krishnan, 
Bull. geol. Sttrv. India. Ser. A. No. 9, 1954, 139). 

Madras 

Iron ore deposits of some importance occur in 
Salem and Tiruchirapalii districts. Several occurren- 
ces in other districts arc known, but they arc not 
considered important at present. 


Salem and Tiruchirapalii districts — Extensive depo- 
sits of magnetite-quartz rocks occur in a scries of 
ridges and hillocks in these districts. The major 
deposits arc Kanjamalai, Godumalai, Perumamalai, 
Thirthamalai, Kollaimalai, Pachaimalai and Chitteri. 
De[X)sits arc also found in several hills in Attur valley 
and the area between Namakkal and Rasipur. Of 
these deposits, the Kanjamalai, a hill 5 miles west- 
south-west of Salem town, is the most important, 
the average iron content being 35-40%. 

The ore consists of banded magnetite-quartzite, 
originally deposited as banded ferruginous sediments, 
similar to those of Bihar and Madhya Pradesh. Sub- 
sequent regional metamorphism has converted the 
ore into magnetite-quartzites. Sometimes the ore 
contains small quantities of amphiboles. The re- 
serves of workable ores in these two districts have 
been estimated at 304.5 million tons up to a depth 
of 100 ft. (Krishnan & Aiyengar, Bull. geol. Surv. 
India. Ser. A.. No. 8, 1954. 53). 

Mysore 

The iron ore deposits of Mysore belong mainly to 
the sedimentary group, associated with handed 
hematite-quartzites of Dharwarian age, which stand 
out as prominent ridges ; titaniferous ore deposits of 
magmatic origin associated with ultramafic rocks are 
also found in small quantities. 

Bellary district — In Sandur area, banded hcinatite- 
(juartzites, similar to those of Singhbhiim and Orissa, 
occur in two groups of ore ridges, one on the eastern 
side and the other on the western side of the Sandur 
fold belt. The banded hematite-quartzites have been 
altered at and near the surface to rich masses of hard, 
compact, steel grey hematite. Laminated, shaly and 
soft ores are also found in this area ; the soft ores 
sometimes yield red oxide, suitable for use in paints. 

The deposits (iron content. 63-68%) occur mainly 
on the following ridges: Donimalai (25.6). Devadari 
(15.0), Kumaraswami-Kammadhevuru (25.4), Kana- 
vehalli (0.5), Ramandrug (30.3), and Timmappana- 
giidi (32.8) : the figures in parenthesis give the esti- 
mated reserves in million tons, the total amounting 
to 129.6 million tons. 

Dharwar district — ^There are deposits of banded 
hematite-quartzite which form part of the Dharwa- 
rian .sequence ; several bands of enriched hematite 
also occur in a few' places, notably at Kusalpur and 
Tegur. The ore at Kusalpur (15® 10' : 75® 4 ^') is sili- 
ceous (SiOa, 10-15%) ; the iron content of the ore is 
45 60% and the phosphorus content, up to 0.7%. 
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The total reserves of good ore in this area up to a 
depth of 30-40 fi. have been estimated at 7.5 million 
tons. The Tcgiir area (15'’ 33' : estimated to 

contain i million tons of ore of 43-51"!, iron content 
(Roy, 1951, 77 ; Krishnan, Bull. Surv. Indiu, 

Ser. A, No. 9. 1954. 137). 

Other districts — As in Bcllary district, the handed 
hematitc-cpiartzites in other districts of the State 
have given rise to large ore bodies of hard compact 
hematite at and near the surface. Sometimes, in these 
deposits, the surface contains a mantle of lateritic ore. 
The thickness of the enriched ore is reported to vary 
between 50 and 2<k) ft. Associated with some ol the 
banded ferruginous rocks are schists and shales which 
have also been replaced to some extent by iron oxide, 
making them fairly rich in inui : these ores were 
once worked and iron prodiicetl in indigenous 
furnaces. 

Deposits of enriched iron ore (50-65"., iron) occur 
at the following places: Chikniufrulur district 
Kernmangundi (436), Kalhatti (26), Kudremukh 
— magnet ite-i|iiartzitc (S4); Chiteddrug district lliri- 
yur (276) : llolalkcrc — Kanekalmonii : tiussan district 
-Dodgudda ; Sliituogu district Sidharhalli (i). Jol- 
dhal, Gangur, Bhadigund, Shankargudda (25), Chat- 
tanhalli, Agumbe, Kodashadri, Ambaragudda : and 
Tumkur district — Karekurchi ; ligures in parenthesis 
give the estimated reserves in million tons. The total 
reserves in these deposits are estimated at 848 million 
tons, consisting of 764 million tons of hematite ores 
and 84 million tons of magnetite ores. 

Titaniferous magnetite iron ores, associated with 
ultramafic rocks containing chromite, occur in .seve- 
ral places particularly in southern Mysore. These 
deposits are rich in iron (55-61",) and contain up to 
12% titanium and occasionally, vanadium, "^rhe chief 
deposits occur notably at Ubrani, Devanarsipur, 
Kunigal and a few places in the Niiggihalli .schist 
belt in Tumkur district. Potential titaniferous mag- 
netites in My.sore State have been estimated at 131 
million tons. The total re.serves of difl’erent types of 
ores in the State are estimated at 1,119 million tons. 
While calculating the reserves in most cases the 
depth of the deposits has been assumed to be 50 ft. : 
however, it is likely that the ores extend to a depth 
of 100 ft. or more. Thus the potential re.serves in the 
State may be much more than the present estimates. 

Punjab 

Several deposits of minor importance occur in tbe 
State. In Kangra district, magnetite occurs near 


Dharman (32'’4': 76°49'). In Sirmur district, lenses 
of magnetite with .some hematite occur near Kancri 
(30^47' :77°2i') and Lana Chahta (30^48' :77°22'), 
15 miles east of Nahan town. 

In Patiala district, a few bands of magnetite (57.4% 
iron) with .some hematite occur on a low ridge which 
runs from Chhapri (27^56' : 76^7') to Jaunpiir, a 
distance of 2.5 miles. 'Phe re.serves of iron ore in this 
region arc estimated at over 2 million tons \ftiduni 
Min. /., 1957, 5(2), 19I. 

In Narnaul district there arc some minor hematite 
and magnetite deposits, but details of their occurren- 
ces arc lacking (Krishnan. Bull. gcol. Surv. India, 
Scr. /I. No. 9, 1954, 107). 

Rajasthan 

In Alwar district iron ore occurs in Aravalli lime- 
stones. Alvvar (piart/.ites and hornstone breccia near 
Kushalgarh (27^26' : 76^29'). Tebla (27” 14' : 76^28') 
and Rajgarh (27° 14' : 76*^41'). 

In Bundi, limonite and hematite form veins in 
limestones of the Aravalli .system between Bundi and 
Deoli anti also near Loharpura (25"*28' : 75''4o'). 

In Jaipur divi.sion, between Raipur (27°44': 76" i') 
anti Jaitpura (27*^39' : 76'’ o'), bands of micaceous 
hematite .schists and irregular masses of hematite 
occur in the limestones of Ajahgarh series. The 
largest de|>osit forms a small ridge about a mile long 
near Neemla (27 "5' : 76*^’ 19'). A picked .sample ana- 
lysed to 66.7/0 iron. 

In Udaipur division, rich pockets of iron ore con- 
sisting of limonite and hematite occur between Rai- 
puria (25^«j' 174^^6') and Gangrar (25^3' : 74°37'). 
Hematite occurs as a prominent ridge at the ba.se of 
the Aravallis near Thana (24® 13' : 73"" 52') (Heron, 
Trans. Min. gcol. Inst, fndut, 1935, 29 , 356). 

In jaisalmer division north-east of Jaisalmer town, 
the |>resence of extensive deposits of rich iron ore, 
i,5(x) ft. below the surface has been indicated. 

Uttar Pradesh 

Iron ore occurs in the districts of (iarhwal, Naini 
Tal and Almora. In (rarhwal district numeroiis beds 
of micaceous hematite exist near Nagpur Pargana 
Cv>°3 1 ^ • 79 ° > 3")- Some of the.se are 50 ft- or more in 
thickness. 

Red and brown hematite beds have been found at 
Sinialkhet (29^47' : 79^27') and in the Ponaar valley 
(29''3i': 79°55') in Almora district. The deposits arc 
of no economic im|X)rtance. 

In Naini Tal district, hematite de|X).sits occur in 
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several places, particularly in Ramgarh, Khairna 
Kaladhiingi and Dechauri. A few million tons of ore 
are reported to exist in this area (Krishnan, Bull, 
geol. Surv. India, Ser. A, No. y, 1954, 18 1). 

Wcsi Bengal 

Burdzvan district ~\\\m ore occurs in the Raniganj 
coalfield in the form of thin hands, lenticular masses, 
and strings of nodules of clay ironstone (limonite) in 
the Ironstone Shales which form the middle divi- 
sion of the Dainiida series (low'er Gondwana). The 
ironstone shale formation is exposed over 33 miles 
east to west and has an average thickness of i,2i)o ft. 
'rhe ores are high in phosphorus (P, 0.3 T/o) and have 
an average iron content of 39%. They were formerly 
used by the Bengal Iron Co. at Kulti, hut with the 
discovery of rich hematite ores in Singhbhum district 
of Bihar, the use of tliese ores for smelting purposes 
was discontinued. The total area covered l>y this 
formation including that with a thin cover of allu- 
vium between Barakar and Ajai rivers is about 44 S(|. 
miles. The total reserves are estimated at over 5fX) 
million tons. 

Small deposits of hematitic clay-ironstone, ferru- 
ginous laterite, and magnetite associated with meta- 
morphic (piartzite occur east and south of the Rani- 
ganj coalfield. They are poor in iron and not of much 
economic importance. 

In Birhhum district, veins of limonite occur in the 
sandstone of the Damuda and Mahadeva series 
helongiiig to the Gondwana system. Layers of piso- 
litic iron ore and pockets and thin beds of limonite 
and hematite are also found in laterite amidst flows 
of the Rajmahal 'Frap (of Jurassic age). These depo- 
sits are small and patchy (Krishnan, Bidl. gcol. Sarv. 
India. Ser. /I. No. 9, 1954. in). 

Rkskrvk.s 

'Fhe estimated reserves of high grade iron ore con- 
taining 60",, or more of iron in the different States 
are given in 'Tables 5 & 6 . The estimates have been 
worked out by the Geological Survey of India as a 
result of surface examination. In some cases, detailed 
prospecting work has been done by commercial firms 
and the reserves for individual deposits have been 
found to be more than twice the amount estimated 
by the Geological Survey. The reserves of Bihar 
and Orissa were placed by Dr. Percival of the Tata 
Iron & Steel Co. Ltd., at 8,ix)0 million tons as against 
2.7(H) million tons estimated by the Geological 
Survey. It would thus appear that in actual working. 


TABI.E V-R.STIMATED RESERVES Ol- HIGH GRADE IRON ORES* 
(million tons) 

I U.MA'iiTi-: Maonktitk 

.1 udhra 


Kiirnool, Adilahad, Karinina^ar, 
Ni/amabnd & \\'aran)'.'il 

-11 

(■iintiir & Ni'llorc 

3S9 

HUittr i'‘f Ori.s.s*/ 

5 

Sini'hhtiiini 

1,017 

Kconjhar 

988 

Konai 

6-18 

Muyiirbhaiij 

60 

tU\mba\ 


Katna^iri 

20 

C!haiula 

22 

Himtu hal t*riuirsh 

60 

Kashmir 

5 

Madhya Pradt^s/i 


Drug (Dhulli-Ka jiiara) 

114 

Kastar (Bailu<lila) 

610 

Uastar (Kowghat) 

740 

|abal|>ni' 

100 

\tadras 


Salem 'nrnt lura|>aili 

.305 

Mysort' 

215 

Ik-llarv (Sami nr) 

1.10 

Dbaruai 

10 

Other districts including 
('hikmagalur. Cihitahlrug. 
Shimoga Hi 'I'umkur 

764 

Ihntjah 


Rajaslhaa 


t tlar Rradt'sh 

10 

r1M.1l 

5..U6 974 

(hand Tolal| 

6,790 

* Mineral Production in India. Indian Bureau of Mines, 1956, 
7t). 

X Including 5(W) niilliun tons of linumilic and spathic ores 
occurring in West Bengal. 

the figures given under ‘probable’ in Table 6 would 
he realised and. in some cases, even exceeded if lower 


grade ores (55'',, and below) are also taken into 
account. 
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TABLE ^-ESTIMATED AND PROBABLE RESERVES OF 
HIGH GRADE IRON ORES* 

(million tons) 

Gcol. Surv Probable 

estimates reserves 

Hematite : 


Andhra 

Bihar & Orissa 
Bombay 

Madhya Pradesh 

Mysore 

Kashmir 

Punjab 
Rajasthan 
Uttar Pradesh 

Total 

Magnetite : 

A ndhra 

Bihar & Orissa 
Himachal Pradesh 
Madras 
Mysore 

T’otal 

Limontitc and SPAiiiir. Oken: 
Bengal 

Grand 'Total 


41 


2,74.^ 

8.000 

42 

300 

1,.S64 

7,000 

904 

2.300 

5 


i 1 

30 

10 J 


5.516 

17,630 

589 

389 

5 

.. 

60 

60 

305 

1.000 

215 

500 

974 

1.949 

500 

2,000 

6,790 

21.579 


* Mineral Production in India, Indian Bureau of Mines. 1956. 
70: Krishnan, Bull, geol Snrv. India, Ser. A, No. 9, 1954. 182. 


Mining and Bknkficiatton 

The mining of iron ore in India is done by open 
cast workings. Simple hand methods are mainly 
employed, but sometimes blasting holes arc drilled by 
mechanical methods. At Noamundi, steam shovels 
arc used for loading. As the ore occurs in hills, the 
mined ore is conveyed to railway tracks on the plains 
either by aerial ropeways or by inclines. 

At present high grade iron ores with an average 
iron content of over 6o% arc used for iron and steel 
manufacture by the major iron and steel companies 
in Bihar and Bengal, and ores of 55 60% iron content 
arc smelted in the M\sore Iron Steel Works, 
Bhadravati. The phosphorus content of Indian iron 
ores is rarely high : the alumina content varies 
between 4 and 5%. 

Elsewhere, iron ores arc often concentrated to 
reduce freight, remove undesirable impurities and 
increase the iron content of the ores, thus increasing 


the blast furnace output by reducing the amount of 
slag to be fluxed and removed. Some constituents, 
such as sulphur and carbon dioxide, may be removed 
by heating ; interstitial matter or gangue may 
be separated by hand picking, simple screening, or 
by plain washing. In addition, crushing and separa- 
tion by jigging or by electromagnet, as in the case 
of magnetic ores, may be adopted. 

As only high grade hematite containing very little 
magnetite is being mined in India at present, the 
treatments necessary to obtain ore of uniform quality 
for blast furnace operation consist of breaking and 
crushing the larger lumps in hand or gyratory 
crushers at the loading points and subsequent screen- 
ing and/or washing to remove the fines. The removal 
of fines which arc usually richer in alumina and silica 
than the lumps, helps in concentrating the ore. It is 
also necessary to blend the different grades of ores to 
give a uniform burden in the blast furnace. 
This is now done by storing the various grades 
of ore in separate bins atid drawing off skip loads 
in fixed proportions. Washing the ores by water 
in rotary washers is being done at Noamundi 
since 1953. 

Recent investigations at the National Metallurgical 
Laboratory, Jamshedpur, have shown that iron ore 
fines, obtained during the mining and crushing of 
ore, can be sintered into sizable lumps after mixing 
with coke breeze, blast furnace flue dust, finely 
crushed limestone, etc. Sintered lumps are suitable 
for use in the manufacture of pig iron {Res. & huh, 
1958, 3 , 160). 


TABLE 7— PRODUCTION 
(Qty in tons and 

OF IRON ORE IN 
val. ill thou.sand 
Qty 

INDIA 

Rs.) 

Val. 

1934 38 (av.) 

2.498.489 


19,857 

19.39 43 (av.) 

3.067.696 


27,595 

1944 48 (av.) 

2.36 ■tJKt 


.56,439 

1949 

2,808,522 


12.666 

19.50 

2,971,276 


15,369 

1951 

3,656,661 


20.945 

1952 

3,925,51 1 


26,8.33 

19.53 

3,854,850 


28,091 

1954 

4.308,273 


28,936 

1955 

4,677.538 


32,315 

19.56 

4,857,914 


39,503 

19.57t 

5,066,000 


43.346 


t Provisional 
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Manufacture of Iron & Steei. 

For the manufacture of pig iron, iron ore, fuel 
(normally metallurgical coke) and flux (limestone) in 
the required proportions arc fed into the blast furnace 
at the top. Hot air is blown into the furnace through 
a ring of tuyeres near the base. Often, small additions 
of manganese ore are made to give the desired 
manganese content in the pig iron. 

The combustion of coke with the hot blast inside 
the furnace gives temjxrratures of c. 2,700° F. The 
oxygen of the ore combines with the carbon of the 
coke allowing the released iron to melt and work its 
way down into the hearth at the bottom of the 
furnace. Silica, alumina and certain other impurities 
of the ore and the coke combine with lime and 
magnesia of the flux to form a fluid slag. This slag, 
being lighter than iron, floats on the surface and is 
drawn off at intervals. The heavier liquid iron is 
tapped out anti either treated immediately in a fur- 
nace to produce steel or cast in a pig casting machine 
or in a sand bed into bars for use in foundries. Pig 
iron is also manufactured in electric smelting 
furnaces. 

For steel manufacture, pig iron is refined in a 
Bessemer converter or an open-hearth furnace or in 
an electric arc furnace. In the Bessemer converter, 
the refining is done by blowing air throtigh the liquid 
pig iron, which oxidizes the impurities. In the open- 
hearth furnace the heat required is produced by 
burning gases or lic]uid fuel with preheated air. 
Oxidation of the itn purities present in the molten pig 
iron is effected partly by the oxidizing flame and 
partly by the addition of rich iron ore. In the 
commonly used basic open-hearth furnace, lime is 
added to combine with |diosphorus and silica to form 
a slag. In the electric arc furnace solid or molten pig 
iron is refined by blowing in air or oxygen, or by 
mixing the pig iron with partly reduced s[K)ngc iron. 
The refined steel is finished at the time of tapping by 
small additions of ferro-alloys and carbonaceous 
material. The steel is tapped into ladles and teemed 
into ingot moulds. 

Pig iron is at pre.seni made by the Tata Iron & 
Steel Co. Lid., Jamshedpur, the Indian Iron & Steel 
Co. Ltd., Burnpur and Kulli, and the Mysore iron & 
Steel Works, Bhadravati. Except the Kiilti works, all 
the other works manufacture steel. Small quantities 
of steel arc also produced by about a dozen manufac- 
turers. Recently three State-owned, integrated iron 
and steel plants have been set up at Rourkela, Bhilai 
and Durgapur. By the end of i960 the total annual 


steel production capacity is expected to reach 6 mil- 
lion tons of ingot steel ; of this, 3 million tons are to 
be produced by expanding the existing units, while 
the other 3 million tons are to be produced by the 
new steel plants. 


TABLE t-STATB-WlSE PRODUCTION OF IRON ORE IN 
(Qty in tons and val. in thousand Rs.) 



1955 


1956 



Qty 

Val. 

Qty 

Val. 

Andhra Pradesh 


3,134 

402,382 

5.417 

Bihar 

l.919,97-4 

1 2.982 

1 .847.538 

1 2.599 

Bombay 

49, 62.^ 

499 

1 27.047 

1.324 

Madhya Pradesh 

6.391 

24 

32.719 

26tl 

Mysore 

363.524 

2.931 

540.671 

2.015 

Orissa 

1.882.117 

12.327 

1.770.378 

16,818 

Punjab 

24.283 

108 

14.905 

MS 

Rajasthan 

45.288 

310 

122.274 

952 

'Total 

4,677.538 

32,315 

4.857.914 

39.503 


* Mineral Production in India, Indian Bureau of Mines. 195(>. 71. 


TABLE 9~GRADB-WISE PRODUCTION OF IRON ORE IN 19S6> 
(tons) 

% iron in ore 



( — 

Below 

55 

Between 
55 & 60 

Belw'ecn 
60 62 

Between 

62 64 

Above 

64 

Andhra 

Pradesh 

8,044 

83.065 

21.919 

203.369 

85,985 

Bihar 

1,015 

1,330,027 

375,951 

131.267 

.4,278 

Bombay 

12,000 

103.900 



11,147 

Madhya 

Pradcsli 




3,004 

29,715 

Mysore 179,859 

1 1.847 


9.187 

439.773 

Orissa 303.270 

886.806 

92,974 

157.560 

329.768 

Punjab 




14,905 


Rajasthan 



25,029 

39,802 

57.443 

Total 504,188 

2.421.645 

515.873 

559.094 

857,114 

% of total 
produc- 
tion 

of all 1 

grailcK J 

M0.37 

49.85 

10.62 

11.51 

17.65 

* Mineral 
1956, 72. 

Production in India, Indian 

Bureau of 

.Mines, 


269 



IRON ORES 


TABl.E 10— tXPORTS OF 

(t^lv ill Ions .'tnil \ 

IRON ORE FROM INDIA 

al. ill ihousaiul Rs.) 

Qty Val. 

M> 40 (av.) 

II0.24S 

814 

1050 ,S| 

S4.5I5 

2,221 

lO.SI .S2 

2S0,050 

0.006 

1052 55 

SI 0,02.^ 

17.047 

1055 54 

1. 201. 077 

57,807 

1054 55 

l,(M)8.S7S 

42.115 

1055 S(i 

l,.V)2,77o 

02,758 

1050 57 

1 .702.000 

05.120 


FABI K ll~PRICIi a.O.B.) OF IRON ORH*^^ 
(Ks. per Kill) 


(«i'a(U‘ 

( ii'iMi) 

Pnrt 

1 050 

I057t 

00 02 

Caiiiilla 

48.00 51.50 

45.(MI 55.00 

02 0.“» 

CaU'uUa 

47.00 5 2., SO 

45.00--50.00 

o5 07 

Visakhapaiiiaiii 

45.00 51.50 

44.00 50.00 

07 ik alxivf 

M.idra 

50.00 .SO. 10 

45.(M) OO.tNI 


* Inlorniation from Indian Biircaii of Mines. 
I Frovi.sional. 


PRODrirnoN & 'rK.\i)K 

'riic production f)f iron ore in 1956 was 4.86 million 
tons : hv i9^^> tin* production of iron ore is expect- 
ed to increase to 12.5 million tons. Nearly 75% of the 
total out|)ut is smelted for pig iron and the rest is 
ex|>orted. Tables 7 and 8 give the production of iron 
ore in India, "^lahle 9 gives grade-wi.se jiroduction of 
iron ore in 1956 in different States. Table 10 gives the 
exports of iron ore from India. There was no export 
during 1940/41 1948/49. Japan is the principal im- 
porter of Indian iron ore. 

Prices — fable 1 1 gives the prices of various grades 
of iron ores, f.o.l). Calcutta, Visakhapatnam and 
Madras in 1956 and 1957. 

Iron-wood Tree — see Memecylon 

Iron- wood Tree of Assam — see Mesua 

Iron-wood Tree of Burma — see Xylia 

Irul — see Xylia 


ISACHNE R. Br. (Grfif?iinefie) 

A small genus of perennial grasses distributed 
throughout the tropical and suh-tropical regions of 
the world. About 20 species are recorded in India. 

I. albens Trin. 

D.lvR. HI, 436 : Kl. Br. Ind., VII, 22. 

An erect, branched grass, 1 4 ft. high with flat, 
linear to linear-lanceolate leaves, found in the tempe- 
rate and suh-tropical Himalayas, from Simla east- 
w^ards to Sikkim u|3 to 9,fKK) ft. and Assam up to 
4,500 ft. ft is occasionally found in the plains. A 
variety. /. alhens var. hirsuta Hook, f., found itt 
Cachar (Assam), has broad leaves. The grass is readi- 
ly eaten by cattle. Analysis of the grass gave the 
following average values (dry basis); protein. 8.50: 
fat, 0.76 : carbohydrates, 44.56 : fibre. 33.32 : and ash, 
12.85%. The tender tops are said to he eaten withi 
rice in Java (Burkill, 11 . 1252 : Walandouw, ]. sci. 
Res. Indonesia, 1952, 1 , 207). 

1 . globosa (Thunh.) Kuntze syn. /. australis R. Br. 

D.K.R, nil, 423. 433 : M. Br. Ind., VII, 24. 

Bombay — / )anria, doaria. 

A short, slender, suh-gregarious, tufted grass, up to 
2 ft. high, found in wet and marshy places, from 
Punjab eastwards to A.ssam and in Oujarat, Deccan, 
wTstern ghats, west coast and Nilgiri and Pidney 
hills. It is a common weed in cultivated fields. The 
grass is eaten by horses and cattle. Analysis of the 
gra.ss gave the following average values (dry basis): 
protein, 10.52 ; fat, 1.76: carbohydrates, 4(3.(X) ; fibre, 
31.99 : and ash, *5.73''/.. The gra.ss is ploughed in as 
green manure. 1 ender tops are reported to he eaten 
in Java like tho.se of /. alhens (Duthie, 1888, 3 ; 
Blatter McC.ann, 189 : Walandouw. loc. cit. ; 
Burkill, If, 1253). 

I. miliacea Roth 

Kl, Br. Ind., VII, 25. 

A low, slender, tufted grass, 6-10 in. high, with 
prostrate, creeping, branched ha.se and small, Hat, 
lanceolate or ovate-lanceolate leaves. It is found in 
Sikkim terai, Bihar. West Bengal, Assam, Andhra, 
Madhya Pradesh, west coast from Konkan to North 
Kanara, western ghats and Nicobar Islands, usually 
in wet and marshy places. It is a good fodder grass 
readily eaten by cattle and horses. Analysis of the 
grass gave the following average values (dry basis); 
protein, 10.45: fat, 1.49: carbohydrates, 41.79: fibre, 
28.97; and ash, 17.30% (Blatter & McCann. 189 . 
Rhind, 44 : Walandouw. loc. cit.). 


270 



ISCHAEMUM 



1. (Iis[iiir "rrin. is :i low grass, 2-6 in. liigli. 'virh 
ovatc-cordatc* lo laiiccolalc-acmninatc leaves. It omirs 
in the upper (jangeiie plain, Nepal, Sikkim lerai, 
Goalpara in Assam, Orissa, Mt. Abu and Madras, 
aseetiding to 6.000 ft. The grass is eommon in wet 
and swampv situations and is a troublesome weed in 
rice fields. It is eaten by eat tie and horses (FI, 
Madras, 1797). 

/. Nees /. lutugcnnigcnsis /oil. Morit/i 

var. rhiugnon (Steiid.) Henr., a short grass, 6 -16 in. 
high, with ovale to ovatc-laneeolaie leaves, is louiul in 
Nicobar Islands. It is considered to be a fodder gra.ss, 
but the yield of foliage is small (Burkill, II, 1253). 

ISATIS I ann. (Cnu ifcrae) 

D.K.R, IV, 524: C.P., 663 : FI. Br. Ind., I, 163. 

A genus of erect, branching annuals or biennials, 
distributed in central Kurope, Mediterranean region 
and central and western Asia. One species, /. tim toria 
Linn. (Dyer's Woad), a native of western Tibet and 
Afghanistan, was being cultivated in central and 


southern Kurope for its dye before the advent of 
synthetic indigo. It is reported to be grown in Indian 
gardens. 

/. tinctorut is a herbaceous biennial, I/2-3 ft. high, 
with entire or coarsely toothed radical leaves and 
small yellow flowers borne on panicled racemes. A 
dark clay-like preparation, Woad, obtained from the 
leaves, was once used as ;i dyestull in Britain 
and other Knro|>ean countries. Woad w;is |)repared, 
bv crushing the fresh leaves into a pulp, kneading 
into balls and drying them in the sun. The balls were 
later pulverised, water added and the mass fermented 
with frecpient turning, 'fhe fermented product was 
dried and packed for use by the dver (Hutchinson 
Melville. 235 : Perkin & Kverest. 476 ; Kierstead, 29 : 
Barclay. Discovery, 1952. 13 , 243 : Wallace. A^rictil- 
turc. Loud., 1954 55. 61 , 501 : Thenpe, XI. 969). 

'fhe richness of the shade imparted hv the dye to 
the fabric depends on the cpialitv and (piantity of 
woad used and the frecpiencv with which the fabric 
is immersed in the dye bath. A fresh hath gives a 
tieep black shade ; as the solution weakens, lighter 
shades, ranging frotn dark blue to light green, are 
obtained. In combination w'ith other natural dyes, 
woad gives a variety of shades. 'Phe colouring princi- 
ple of the leaves is a glucoside, indican (C', ,I I,:()„N. 
3H2O : in.p., 57’^). which is also present in ludi^ofcra 
(<|.v.). 'Phe plant is considered medicinal and used for 
ulcers and other ailments (Hutchinson & Melville. 
235: Mcllrov, 107: Schery, 241). 

'Pbe roots of the plant contain a glv('f)side and the 
enzyme myrosin. The seeds contain 3-butenvl isothio 
cyanate. 'Phey also yield a fatty oil (31.3 ’..) contain 
ing: oleic, 27 ; Iinr)leic, 19: linolenic, 24 : and erucic 
acid, 21'',, (Wehmer, 1 , 397 : Kjaer cl ul., Ada clictn, 
scaud., 1953. 7 , 1279: Hilditch. 1956. 224). 

ISCHAEMUM I ann. (Grauiincac) 

A large genus of annual or perennial grasses distri- 
buted throughout the tropical, sub-tropical and warm 
temperate regions of the world. Some species have 
been transferred to Eulalioif.ds and Schittia ((j.v.). 
About 30 sj)ecies occur in India. 

I. aristatum Linn. svn. /. ciliarc Ret/. 

1 ).K.P., IV. 530: MI, 423: FI. Br. Ind.. VII, 126. 
133 ; Blatter McCann. PL 6. 

Hindi — Kmidcr : 'Pel. — Errullutla iraddi : K.w. 
Mohbu fratijalu ^rarikai huUu : Mac. Cheukodi 
lyadaplxiu pidlu, paudaui kuththi. 

Madhya Pradesh- Bara loriya-^adi, duikaui rotida. 
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gondi, gtihera, paba, piyana-koni-gadi, sithagit ; 
Bombay — Bangadi, bam, bherda, kanden, putena. 

A tiified, erect or decumbent, stout or slender, 
perennial grass, 1-4 ft. high, with linear leaves, found 
in wet and marshy places almost throughout India, 
up to 8,000 ft. It is eaten by cattle. Analysis of the 
grass from Madras gave the following values (air-dry 
material): moisture, 5.36; protein, 4.59; fat, 1.48; 
fibre, 41.49; carbohydrates, 42.11 ; and ash, 5.00%; 
carotene content of green grass (moisture, 25.0%) 
from Bombay, 1.05 mg./ 100 g. It is reported from 
frinidad that the milk from cows grazing on this 
grass possesses an undesirable odour, which is direct- 
ly related to the quantity of grass consumed (Mem. 
Dep. Agric. Madras, No. 36, 1954, 612 ; Bharucha 

Shankarnarayan, Sci. & Cult., 1957-58, 23 , 31 1 ; 
Howes, Trap. Agriculture, Triu., 1953, 30 , 224). 

I. muticum Linn. 

FI. Br. Ind., VII, 132. 

A low, rather coarse, extensively creeping, peren- 
nial grass, up to 2 ft. high, with a stout, vigorous 
rootstock and ovate to lanceolate leaves, found in 
Madhya Pradesh, South Kanara and Kerala, usually 
in marshes and coastal sands. It is gregarious on moist 
banks of streams and in paddy fields. It is consi- 
dered to be a good fodder grass. Analysis of the 
grass (from Malaya) gave the following values: 
moisture, 74.0 ; protein, 2.4 ; fat, 0.4 ; carbohydrates, 
14.9; fibre, 6.4; ash, 1.9 ; calcium (CaO), 0.05; and 
phosphorus (P2O.O. 0.03% : digestible nutrients : pro- 
tein, 1.3 ; fat, 0.2 ; carbohydrates, 9.2 : and fibre, 
3.8% : starch equivalent, 14.6 lb,/ 100 lb. ; and nutri- 
tive ratio, 10.3. It is rich in vitamin C, The grass is a 
good sand binder and useful on banks and aban- 
doned lands. The leaves are applied as poultice for 
headache (Rhind, 75 : 'Feik, Sci. Ser. Dep. Agric. 
Malaya, No. 24, 1951, 20, 70, 78, 84; Burkill, II, 
*^ 53 )- 

I. pilosum Hack. 

D.E.P., IV. 531 : III, 423 ; FI. Br. Ind., VII, 130. 

Tel. — Kundara gaddi, urranki. 

Bombay — Dungri-kunda, kanigyan hulla, nuth, 
pliarari ; Madhya Pradesh- -Kari, kunda. 

A tall, erect, perennial grass, 2-5 ft. high, with a 
stout stoloniferous rootstock, found commonly in 
black cotton soils, especially in Guntur and Ceded 
districts of Andhra State and in Madhya Pradesh. 
It is a troublesome weed in cultivated fields where 
it hinders agricultural operations. The grass is 
moderately relished by cattle. It is best fed before 



FIG. Hi. ISCHAEMUM PTI.OSUM 


flowering or just when flowers appear. It is also suit- 
able for silage and rough hay. The yield of green 
fodder, in experimental trials at Ganeshkhind 
(Poona), is reported to be 6,ocx> lb. /acre. Analysis of 
the grass (before flowering) gave the following values : 
moisture, 70.03 : ether extr., 1.03 ; albuminoids, 2.17 : 
carbohydrates, 14.56 ; woody fibre, 9.09 ; and ash, 
3.12% (Burns et al, bull. Dep. Agric. Bombay, No. 
78, 1916, 8 ; Tadulingam & Venkatanarayana, 327 ; 
Panikkar, Sci. Cult., 1949-50. 15 , 423). 

I. rugosum Salisb. 

D.E.P., IV, 531 ; III, 423 ; FI. Br. Ind., VII, 127 ; 
Blatter & McCann, PI. 7. 

Beng. --Mo rrtro ; T\M.-~Kadukken pillu. 

Punjab — Meliat, munmuna ; Uitar Pradesh — 
Dlianua, marainda, maror, murchi ; Rajastoan— 
Jalgiindya, toli ; Santai.— Mflri/^/t .* Madhya J^radesh 
- Badaul, bhador, murdi, tori, tudi, jam; Bombay — 
Bar, hardi, bher, karkel, lag ; Assam — Joya-jha. 

A tufted, erect, annual grass, 1-3 ft. high, with 
flat, linear-lanceolate, glabrous or sparsely hairy 
leaves and oblong grains, found throughout the 
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greater part of India up to an altitude of 6 ,cmm) ft., 
and in Andaman Islands. The grass is found in open 
anti wet grasslands, marshy situations, shady areas 
and on black soils. It is a common weed in paddy 
fields (Bor, hidian For. Rrc., N.S.y Hot., 1940, 2, 147). 

The grass is eaten by cattle and horses, and is 
considered to he a good fodder. Feeding trials show 
that it is comparable to common cultivated fodder 
plants in nutritive value. Analysis of the grass, at 
flowering stage, gave the following values (dry 
basis): crude protein, 7.13; ether extr., 2.50; crude 
fibre, 29.80 ; N-free extr., 50.50 : ash, 10.07 * calcium 
0.58: and phosphorus, o.^i'Jn : digcslibilily co- 
cU'icioils : dry matter, 58 : crude protein, 62 : ether 
extr., 71 : crude fibre, 63: and N-free extr., 59%: 
calcium and phosphorus balances are positive. Hay 
prepared from the grass at the flowering stage is not 
much relished by cattle. Analysis of the hay gave 
the following values (dry basis): crude protein, 6.63; 
ether extr., 2.18 : crude fibre, 33.72 : N-frec extr., 
47.84 : ash, 9.63 : calcium, 0.37 : and phosphorus, 
0.24“., ; (ligcslihilit\ co cfficivuls : dry matter, 52 : 
crude protein, 42: ether extr., 55: crude fibre, 66: 
and N-free extr., 49'^, ; digestible protein, 2.4 ; and 
starch e(|uivalent, 26,7 Ih./ioo Ih. : nitrogen and pho.s- 
phoriis balances .are positive and calcium balance is 
negative. The grains are said to be used as food by 
the poor in some parts of Madhya Pradesh (Das & 
Mukherjee, Indian /. vci. Sci., 1952, 22, 239). 

Besides the species (fescrihed above, a few others 
find some use ;is fodder. I. rangdcharianum Fi.scher 
(Mai.. Chenkodi pnlln) is a creeping perennial gra.ss 
found in Kerala. It is grazed by cattle, but is not 
considered to be a good fodder. /. svniisagittatnin 
Koxb. syn. /, conjugainni Roxb, (Bo.m bay- -Tier, 
d(dngc, kari, saj-kadi) is a slender, annual or peren- 
nial grass, 1-2 ft. high, found in West Bengal, 
Madhya Pradesh, west coast, western ghats and 
Deccan uj) to 4,000 ft. It is usually found in nurseries 
:md bunds of paddy fields and is abundant on the 
crest of ghats in N. Kanara. The grass is reported 
to be a good fodder. /. titnorciJ.sc Kunth (Kan. — 
Nilaninn^d Iinlln) is a short, slender, straggling, 
perennial grass, about i J, ft. high, found in Assam, 
western slopes of Nilgiris, north Coimbatore hills, 
western ghats and west coast in N. Kanara and 
Kerala. It is readily eaten by animals and is consi- 
<lered to be a useful fodder. Analysis of the grass 
from Indonesia gave the following values (dry basis): 
protein, 7.61 : fat, 1.2 1 : carbohydrates, 44.23: fibre. 


32.51; and ash. 14.44 V-. (1'^* Madras, 1722: jacol), 
Madras agric. J., 1942, 30, 179; Tiwari, Indian For.y 
1955, 81 , 107 ; Blatter & McCann, 16 ; Burkill, II, 
1254 ; Walandonw, /. sci. Res. Indonesia^ 1952, 1 , 201). 

ISEILEMA Anderss. (Grawincar) 

A small genus of annual or perennial grasses found 
in the Indo-Malayan region and Australia. Four 
species are recorded in India. 

I. anthephoroides Hack. 

FI. Br. Ind.. VII. 219: Blatter eV McCann, PI. 72. 

Hindi — Mnslicl ; 'Vv.i.. -Chcngalli gaddi. 

Maiuiya Pradksii — Bhnri, gadru, garar nins\al, 
tnastiri, musar ; Bo.mhay — Fudali hhalhi, jcjjrgyan 
India, tamhad gota. 

An erect, densely ttifted, branching annual or 
perennial grass, i-iJ/4 ft. high, with short, sub-obtuse 
leaves occurring in the upper Gangetic plain, Madhya 
Pradesh, Orissa, coastal districts from Ganjam to 
Nellore, Cuddapah and Bellary districts. Deccan and 
western ghats. It is common in forest blanks and 
grazing grounds. It is frecptently gregarious and is a 
good fo(hler grass relished by cattle in the flowering 
stage. Analysis of the grass gave the following values : 
moisture, 7.23: ash. 11.08: protein. 4.26: fat, 1.99; 
fibre, 32.17 : and carbohydrates, 43.27'V, ('riwari, 
Itidian For., 1955, 81 , 107 : Mem. Dcp. Agrie. Madras^ 
No. 36, 1954, 60S : Burns et al., Hull. Dep. Agrie. 
Homhay, No. 78, 1916, ii: Ramiah, Hull. Dcp. 
Agrie. Madras, No. 33, 1941, 14). 

I. laxum Hack. 

D.F.R IV, 524 : III, 423 : FI. Br. Ind., VII, 218. 

Hinim Mnsha}i, mushel ; Frra eliengali 

gaddi: Tam. — I'lienga nari piliu : ()kiy.\ — Fafida- 
suali. 

Pi'NjAB — Champ, ehhal, gandi, luinji : Uiiak 
PnMn:s\\ -Macliaori, musial ; Madhya Pkadksii 
Hharzean, ghora\al, gonda, malzcajari, masan ; 
Bombay — Chatnge, dangers, gandhi, niasel, shata, 
tamhit, tamhrut. 

A tufted perennial grass, 1-3 ft. high, with erect, 
slender culms and narrow linear leaves, found 
nearly throughout India. u[> to an elevation ol 
2,5<K) ft. usually on low-lying, water-logged situa- 
tions. It is fre(|uently gregarious, thrives well on 
loamy, clayey and black cottf)n .soils and is fairly 
drought-resistant. The grass is widely grown in 
Nellore (Andhra) and used as feed for the Ongole 
breed of cattle. The grass is propagated by seeds 
.sown broadcast (4-6 Ib./acre) at the beginning of 
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ihc monsoon. It stands cuttin}!; well. It stands three 
cuttings in a year and yields up to io,fx)o lb. of fodder 
per acre, 'fhe grass is a suitable cover ior protecting 
earthen banks, wafer wavs and trenches from erosion 
|Rege & Srinivasan. ludimi Fn/g. N,S., 1956-57, 6(7), 
39 • Jiicob, Madms a^ric. /., 1940, 28, 65 ; Mudaliar, 

534 1- 

/. la\inti is considered to be one of the best fodcler 
gras.scs and is relished by cattle and horses both in 
the green state and as bay. It retains its nutri- 
tive value till the flowering stage. Analyses of 
grass (frotn Nagpur) at the young and flowering 
stages gave the following values (dry basis): crude 
protein, 5.67, 5.44 : ether extr., 2.74, 3.31 ; crude 
librc, 28.03. 34.04: N-frce extr., 51.78, 48.22: total 
ash, 11.78, 8.9(; : silica, 6.70, 5.51 : calcium (CaO), 
1.30. 0.84: phosphorus (P-jO.)* <>-63, 0.59: potassium 
(KaO), 1.45, i.(X): sodium (NaaO). 0.30, 0.35 ; magne- 
sium (MgO), 0.71, 0.47: and cbbuinc, 0.45, 0.36% 


respectively ; copper and cobalt are present. Feeding 
trials have shown that nitrogen and mineral balances 
arc positive. The bay (digestible protein, 2.34 ; and 
starch ecjuivaicnt, 32.64 lb./ 100 lb. of dry matter) 
compares favourably with the bays of jowar and s[X'ar 
grass (Hvtcropogon amtortus Rocm. & Scbult.) (Bor, 
Indian For. Rcc,, N.5., Bot., 1940, 2, 149 : Nath & 
Das, Indian /. vvl, Sci., 1953, 23, 43 : Datta & Datta 
Biswas, Indian /. agric. Sci., 1951, 21, 93 : Anna. Rep, 
imp. vet. Res. hist., Mukteszvar & Izatnagar, 1946-47, 

*?)• 

I. prostratum Anderss. syn. /. zeightii Anderss, 

D.K.P.. rV, 524: III, 423: FI. Br. Ind., VII. 218; 
Blatter & McCann, PI. 73. 

Tei.. -Yerra kala kasiivn. 

Punjab -GV/z/ui ; U itar Pradesh --(^ou^/c/ ; 
Madhya Pradesh — Buri, elihoti garpa, ghania. ghod, 
ghora mns/ian, mushad, ukri : Bombay — / 1c//i grass, 
gandeli, gaud hi, mahil, mussan, sona, lam hit, 
tamhrut. 

A tall, rufred perennial grass, 3 4 ft. high, with 
culms, often prostrate, rooting at the base. Leaves 
4-8 in. long, narrow, smooth or scaberulous. 'Phe 
grass is found almost throughout India in damp, 
low-lying, swampy or marshy areas. It grows on 
heavy and light soils and on metamorpbic rocks : in 
black cotton soils it is gregarious. Hie grass resem- 
bles /. laxnm and is usuallv found in association with 
the latter : it can be recognised by the reddish colour 
of the leaves and stems. It is considered by some to 
be a fair fodder for cattle in the flowering and 
prcflowcring stages : others regard it as useless 
becau.se of its pungent and unpleasant odour, 
especially in the fresh stages. It makes a line hay. 
Analysis of the young grass gave the following values 
(dry basi.s): crude protein, 4.58: ash, 12.40: in.sol. 
residue, 9.02 : calcium (CaO), 0.38 : phosphorus 
(P/X.)^ *>«o9 : magnesium (MgO). 0.36 : sodium 
(Na.X)), 0.30: and |>otassium (K./)). 1.03% (Witt, 
240-41 : Haines, 1916, 267 : Burns et al.. Bull. Dep. 
Agrie. Bombay, No. 78, 1916, 10: Lander, Mise. 
Ball. Indian Conn, agrie. Res., No. 16, 1942, 50). 

ISONANDRA Wight (Sapotaeeae) 

D.K.P., IV, 532 : FI. Br. bid.. Ill, 538. 

genus of laticiferous trees distributed in South 
India, Ceylon and parts of Malaysia. Four species 
occur in India. 

I. perrottciiana A. DC. syn. /. eandolleana Wight : 
/. alplionscana Dubard is a medium-sized tree 
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occurring in the evergreen forests of western ghats at 
altitudes of 2,000-7,000 ft. Young branches rusty 
lomcntosc ; leaves alternate, elliptic-lanceolate to 
ohovate-oblong, very variable : flowers small, sub- 
sessile, in axillary clusters : fruit an ellipsoid berry. 
The wood (wt., 4S-58 Ib./cu. ft.) is reddish brown, 
bard and close-grained ; it is employed locally for 
door panels of huts ((jamble, 445). 

/. lancrolaiu Wight syn. /. zvi^litiana A. DC. is a 
tree closely related to /. [)crrotli‘ti(iH(i and distributed 
in the same area. Its wood is bard, heavy, close- 
grained and durable : it is suitable for posts and 
rafters (l.ewis, 246). 

ISOPYRUM Linn. (Ramnn uluccav) 

FI. Br. Ind., T, 23. 

A genus of herbs distributed in the north tem|K‘rate 
/one. Three species occur in India. 

/. thaliclroidcs Linti. is a small berb found in parts 
of north-west temperate Himalayas. Rootstock hori- 
zontal, fibrous or scaly i stems slender, 4 S in. I<»ng : 
radical leaves 2-3 ternate: leaflets 2-j lobed, ctmeate 
at the base, membranous: cauline leaves alternate, 3- 
lobed or * flowers 0.5 in. diaiu., boo<led. 

clawed, in terminal panicles. 

'The rootstock an<l roots of the berb contain iso- 
pyrine : the alkaloid is present, in a lower concentra- 
tion. in the green aerial parts also, but is ab.sent in 
the flowers : the latter yield bydrocvanic acid 
(Webtner, I, 313 : I lenrv, 775). 

Isotoma — sev Laurentia 
Ispaghul — see Plantago 
Italian Millet — see Setaria 

ITEA I A n n . (Suxifra^aeeae) 

D.F.P., IV, 532 : FI. Br. Ind., IT, 407. 

A genus of shrubs or small trees distributed in 
south-east Asia, Japan and North America. Three 
soecies occtir in India. 

I 

/. nutans Royle (Kumao.n — Garkatli, ehumli) is a 
shrub or a small tree fouiul in the outer Himalayas, 
from Indus to Nepal, up to an altitude of 6,o<x) ft. 
Bark greyish brown ; leaves alternate, elliptic-oblong, 
4-6 in. X 1. 5-2.5 in., serrate : flowers small, white, in 
drooping racemes ; capsule c. 0.2 in. long, 2-valved. 

The wood (wt., 38 Ib./cu. ft.) is pinkish, close- 
grained, moderately bard, with a pretty silver grain. 
It is useful for small turnery articles (Gamble, 
329-30). 


/. chinensis Hook. & Arn. (Kii.\si Hii.r..s Dienfr-la- 
nictrit, dieng-tem-sro) is a shrub or a small tree re- 
sembling /. nutans, found in Kbasi and Jaintia bills 
at altitudes of 2.500-5,500 ft. Its fruit is considered 
stomachic in China |Cbeo. Rat, liidl. Aeatl, siniea, 
' 94 ‘> 3 ( 3 ). 

Ivory — see Elephant 
Ivy — see Hedera 
Ivy Gourd — see Coccinia 
Iwaarite — see Garnet 

IXONANTHES Jack {r.rythny.xylaeeae) 

FI. Br. Ind., I. 416. 

A small genus of trees and shrubs distributed in 
south-east Asia and New Guinea. Due species occurs 
in India. 

/. khasiana Hook. f. (Ass.xm Thed>ar, selhal, 
tliinfrd)ul)hai) is a moderate-sized to fairly large tree 
found in Caebar, Garo and Kbasi bills. Trunk fluted 
at the base : bark thin, roiigli. greyish : leaves alter- 
nate, base deettrrent into a short petiole, elliptic- 
lanceolate to oblong. 3-6 in. y 1. 2-2.4 flowers 
small, in panicles: capsule ol)long, c. 1.5 in. long. 5- 
valved : seeds winged. 

The wood is light brown, even-grained and orna- 
mental in ap|)earance. It takes a fine polish and is 
suitable for cabinet work (FI. Assam. I. 186). 

IXORA I aim. (Ruhiaeeae) 

A genus of shrubs and small trees distributed in 
the tropical and sub-tropical regiotis of the world. 
About 30 species occur in India : a large number of 
exotics are cultivated in gardens. 

Ixoras are popular garden plants grown for their 
beautiful clusters of flowers of various hues and ever- 
green foliage. They flower throughout the greater 
part of the year, but are most attractive during 
summer and rains. They grow well in all types 
of soils and can be raised by seeds, cuttings or layer- 
ings during the rains. They are suitable for growing 
in tubs or big pots. Application of li(|uid manure 
during flowering and close pruning after blooming 
are beneficial, 'fhe flowers retain their freshness for 
long and are valued as cut flowers. 

I. arborea Roxb. syn. /. lyarviflora Vahl Torch- 
wood IXOHA 

D.E.R, IV. 533 : HI, 415 : FI. Br. Ind., Ill, 142. 

Sans. — Iszvara, nevali ; Hindi — Kota^andlial, 

nevari ; Bknc:. — Rangan : Mar. — Nevali, raikura. 
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F.R.I., I'ichra Dim. l*hoto : M. N. liakshi 
FIG. M5. IXORA ARBOREA— IN FLOWER 


lihandi, mckiuH ; (irj. — Nvvari ; Tva.. ~Konvi[)(il(h 
lmttu[)alu, kachipadcl, gorivi : 'Fam. -Shulufidthkora, 
korivi ; Kan. C,or(d)ikattigt\ kansuragi ; Oriya 
Kil(dir\(t, tel<)kr\a. 

A siiKill. inudi-branched evcrgccn tree or shrub, 
lounci throughout the greater |)art of Intiia, from the 
Cangelie plains eastwards to Assam and southwards 
to Kerala and in Nicohar Islands ; it is also grown 
in gardens, fxvives opposite, suh-sc.ssilc, oblong, ellip- 
tic or ovate-oblong, 3-6 in. long, coriaceous, glau- 
cous ; llowers in large corymbose terminal cymes, 
small, numerous, white or pinkish, fragrant : berries 
black, globose, 0.25 inch in diam., somewhat didy- 
mous : seeds plano-convex. 

The fruits and roots are re[K)rted to be used by 
Santals as an antidote for coloured urine. The 
flowers are pounded in milk and given for relieving 
whooping cough. A decoction of the bark is used for 
anaemia and general debility. The ripe fruit is eaten 
by Santals and the leaves are used as fodder for 
buffaloes (Nadkarni, 1 . 700). 


The wood is brown, hard and lieavy (wt., 57-66 
Jb./cu. ft.), clo.se-grained and smooth. It takes a good 
|)o1ish and is suitable for engraving and turning. 
Though available only in small sizes, it has been 
reported to he used for furniture and building pur- 
poses. It is also used as fuel : the twigs burn freely 
and are employed for torches (benthall, 28^ : (iamhle, 
421). 

I. coccinea Linn. (rN;;i,r.H.AMK Ixoka 

D.K.P.. IV. 533 : FI. Hr. Ind., HI. 145 : Bor & Rai- 
zada, PI. 28. 

Sans. — Raktaka, hundhidin ; Hindi & Bfnc;. — 
Rangan, wukiuini, rajana ; Mak. Pcndgid, hakora : 

— Knramtni, mankana ; Tam. Clictli, kullni, 
vedchi : Mal. Thci'hii, thrtli : K\s.~Krp(thi, kisii- 
Av/rc ; Okiva Bondhuka, ronionip/iido. 

A shrub or a small tree occurring along the western 
coast and widely grown in gardens throughout India 
for ornament. Leaves o|)posite, sessile or nearly so. 
elliptic, ovate or obovate. 2-4 in. long, apietdate. 
ohtu.se or mucronate. coriaieous, glaucous ; flowers 
in dense terminal corymho.se cymes, numerous, 
bright scarlet, sometimes yellow : berries globose, 
reddish, c. 0.25 in. diam : seeds concave. 'Fhe fruits 
are eaten anti the flowers are u.sed as a llavouring 
(Rama Rao, 213 : Burkill, II, 1261). 

The roots exude a yellow juice atid give out a dis- 
agreeable rancid odour. They are reported to possess 
.sedative and stomachic properties and are used iti 
hiccup, fever, gonorrhoea, loss of appetite, diarrlu)ea 
and tlysentery. They are also reported to stimulate 
gastric .secretions and bile, and to provide relief in 
abdominal pain. The roots po.s.se.ss astringent and 
antiseptic properties and are applietl to sores and 
chronic ulcers, and also in headache. The flowers are 
used in the treatment of dysentery, leucorrhoea, dys- 
menorrhoea, haemoptysis and catarrhal bronchitis. 
y\ decoction of the flowers or the bark is employed 
as a lotion for eye troubles and for sores and ulcers. 
The leaves are used in diarrhoea (l)ymock. Warden 
Iloo|)er. II, 213: Quisumhing, 913: Burkill, II, 
1261 ; Kirt. & Basu. II, 1289 *, Cowen, no : Nadkarni. 
1, 699). 

The roots are rejKirted to contain ap acrid aromatic 
oil, tannin, fatty acids and a white crystalline sub- 
stance. The root bark contains A-9, i i-ocladecadienoi( 
acid, mannitol and myristic acid. A yellow colouring 
matter related to (|uercilrin, an astringent principle, 
a wax and a neutral crystalline substance (m.p., 257®) 
have been Isolated from the flowers (Nadkarni, T, 699 ; 



Kariha &L Mciion, Proc. Indian Acad. Set., 1943, 17 A, 
II ; Varghesc, Proc, Indian Sci. Congr., pt MI. 1956, 

'Vl 

I'hc wood is hard, rough and diirahle and suiiahle 
tor tool liandles (Lewis, 235). 

/. aentninaia Roxh. (Nv.vw—C.lirzcarilhii ; Assam 

'Flickcria) is a shnih with elliptic or linear-ohlong 
leaves and white I'ragranf tlowers, lound in eastern 
lliinalayas and Assam, u|) to an altitude of 4.000 ft. 
The plant is reported to lie used as a mordanr along 
with annatto dye (from the seeds of Hi\a orcllana 
Linn.). 

/. cliincnsis Lam. is an ornamental shruh eloselv 
resemhling /. coccinca. It is a native of China and 
Malaysia and is grown in Indian gardens for its dense 
(lusters of Mowers varying in shade from while 
and yellow to pink and scarier. In l^hilippines. an 
infusion of fresh Mowers is considered heneticial 
in incipient tuherculosis and haemorrhages. In 
Malaya, the plant is used in urinary trouhles and 
a decoction of the root is administered after cliild- 
hirth (Bor & Raizada, (;o : Quisumhing, 912 : Burkill, 
II. 1261). 

/. cnticijolia Roxh. is an evergreen shruh with 
white Mowers, occurring in Sylhet and Assam and in 
Wvnaad, Aiamalai and Anamalai hills in the south. 


JACARANDA 

III Indo-CUiina, an infusion of the leaves is used as a 
fehrifuge (Kirt. & Basil, II, i28(;). 

/. ^randifolia Zoll. Morit/i is a shruh or a tree 
with large petiolcd, elliptic-ovate or lanceolate leaves 
and white or pinkish Mowers, occurring in Andaman 
and Nicohar islands. In Malaya, the leaves are 
administered to pregnant women to facilitate delivery. 

An infusion of the leaves is reported to relieve 
st<»mach-ache (Burkill. II. 1262) 

/. lohhii Loud, is a shruh grown in some Indian 
gardens. In Malaya, a poultice pre|iared from the root 
is applied in headache and a decoction of the root is 
given hefore and after deliverv. and possibly also in 
diarrhoea (Burkill, II. 1262). 

/. nigricans R. Br. ex Wight Arn. (Mak. Kal- 
knra ; Tam. -Mashagani, ndafipn ; Ka\. Ada\ala) is 
a handsome evergreen shruh or a small tree with 
elliptic-ohlong or lanceolate memhranous leaves ;md 
white fragrant Mowers, occurring in westetrn ghats 
from Konkan southwards and in the hills of Assam. 

'rhe leaves are considered to have aniidysenteric jiro 
perties (Kirt. A: Basil. II. i2(;o). 

/. notoniana Wall. (Tam. KalHanthili ; Mai.. 
Iramharuppi) is a shruh or a small tree oiaurring in 
Anamalai, Nilgiri and Piilney hills and in the hilly 
parts of Mysore and Kerala. "I'lie wood is used as 
fuel (Rama Rao. 212). 


j 


JACARANDA J uss. {Bifrnoniaccac) 

A genus of trees and shruhs, native of tropical 
America. A few species are cultivated in Indian 
gardens for ornament. 

*J. acutifolia Ilumh. < 1 ' Bonpl. syn. J. niiniosifoUa 
1 ). Don : /. ovalifolia R. Br. 

Blatter ct al., (;3. PI. XVIII. 

An elegant shruh or medium-sized tive, common- 
ly cultivated in Indian gardens for its finely divided 
foliage and beautiful Mowers. Leaves alternate or 
almost opposite, hipiiinate : pinnae in many pairs, 
each with 10-24 pairs of ohlong-rhomhoid 

* Some aiithois con.sider /. acutilolia Ifiimh. ik lloiipl. ;us dis- 
liiicl from /. wiinosifoUti I). Don svii. /. fnalifolia K. Ur. 
{Chauerji, liiitl, hot. Soc. lienfr., PH8, 2, 77). 


leallets with the end one larger : Mowers bluish violet, 
in loose [lanicles ; fruit an oblong, ovoid or hroa<l 
capsule. 

The plant thrives in well-drained .soil and does noi 
tolerate damp situations. Propagation may he done 
with transplants raised from seeds or cuttings of half- 
ri|)e shoots. It stands pruning well, recovers rapidly 
from frost damage and is useful for avenues. It is 
aJTected by white spongy rot caused by PolxsticlU'i 
hirsnins Fr. (Indian J. a^ric. Sci., 1950. 20 , 107). 

In S. America, the hark and leaves of the plant arc 
used for syphilis and hlennorrhagia. An infusion of 
the leaves is given as a pectoral and |)owdered leaves 
are used as a vulnerary. An infusion of the hark is em- 
ployed as a lotion for ulcers’ (Blatter ct al., 94). 



JACARANDA 



F.R.I., Dvhra Pun. Photo ; C. K, Parkinson 


I IG. 146. JACARANIM ACUTIFOI lA-FI.OWFRlNG BRANCH 

The wood is beautiful, fragrant, moderately hard 
and heavy and fine-textured. It is easy to work and 
useful for tool handles (Colthurst, 99 : Parry, E. Afr. 
airric. 1953-54. 19 , 154 : Record Hess, Si). 

/. (U ttlifnlia is a host |>Iant for tlie Indian lac insect. 
The flowers contain an anthocyanin. probably hirsuti- 
din diglycoside (Ka|)ur, /. Bimihay nal. Hist, Sue., 
1954 55. 52, 645 : Ponniah Seshadri, /. set. industr. 
Res., 1953. 12B, 605). 

y. rhowhifolid (i.F.W. Mey. syn. /. fillLifoUa 
1 ). Don is a slender, deciduous tree grown in Indian 
gardens for its fern-like papyraceous foliage and pur- 
plish violet ikiwers. Unlike J. aettlifolid it can stand 
damp situations. Its wood is whitish in colour, hard, 
light (sp. gr., 0.40-0.50: wt., 25-31 Ih./cu. ft.), 
medium- to coarsc-tex tinted and straight-grained. It is 


easy to work, gives a smooth finish and holds nails 
firmly, hut is perishable in contact with the ground. 
Extracts of the plant show insecticidal properties 
(Benthall, 344 : Record & Hess, 82 ; Sic vers ct al., J, 
ccon. Eni., 1949, 42, 549). 

Several species of jdatrdtuld are employed in sryphi- 
lis in Brazil and other jiarts of South America under 
the names caroha, carahinha. etc. A crystalline sub- 
stance, carobin, besides resins, acids and caroba 
balsam, bas been isolated from them (U.S.D., 1947, 

'4W)- 

Jackals — see Dogs, Wolves, Jackals, Foxes and 

Wild dogs 

Jack Bean — see Canavalia 
Jack Rabbits — .see Rodents 
Jack Tree — see Artocarpus 

JACQUINIA I Aim. (Mvrsindeedi) 

Chittenden, II. 10S3. 

A small genus of evergreen shrubs and trees, distri 
bitted in tropical America aiul West Indies. A few 
species have been introduced into India and otca- 
sionally grown in gardens. 

/. hdrbdseo (Loefl.) Mez syn. J. drtnilldris |ac<|. 
(Bracelet Wood) is a shrub or tree with wedge 
shaped, spathulate or obovate-oblong leaves and 
while flowers : fruit a berry containing several shining 
yellow and brown seeds. Tbe plant is said to be poison- 
ous and ii.sed as an ingredient of arrow poison. 'Phe 
seeds arc made into bracelets in West Indies (Benthall, 
285 ,' Biirkill, II, 1264). 

JADE 

Tbe term jade is applied to two distinct minerals, 
Jadeite and NEiMiRiri:, both of which are semi- 
precious stones of great charm. Jade is translucent and 
tough, and a properly cut stone, when struck, emits a 
musical note which is maintained for a fairly long 
lime. Nephrite has been known since the earliest 
times, while jadeite was discovered in 1868. The term 
jade is sometimes loosely applied to minerals with 
somewhat superficial re.semblance to true jade. Some 
of them are: Uvarovite, Vesuvianilc and its green 
variety Californite, Sillimanite, Pcctoliie, Bowenite 
and Saussnrite. The.se minerals can be readily distin- 
guished from true jatle by their physical and chemi- 
cal properties. 

j.adeite (sp. gr., 3.33 : II., 6.5 7) is a metasilicate of 
sodium and aluminium |Na./).AIX);,.4SiO.^ or NaAl 
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(SiO;,).] associated, in its natural state, with small 
(|uantities of iron, calcium and magnesium. Pure 
jadcitc is white in colour, hut due to the presence of 
varying amounts of iron, the natural stone exhibits 
different shades of green : a dark green to nearly black 
variety (CHLOROMKLANrrK) contains iron sestpiioxide 
(iron, c. io%). In chemical composition and crystalline 
characters, jadeite belongs to the pyroxene group of 
minerals. Jadeite is commonly granular, rarely 
fibrous. The individual grains are sometimes pris- 
matic in shape and etjiii-dimensiona? 

Nephrite (sp. gr., 2.96-^.! : 11 ., 6-6.5) is a silicate of 
calcium and magnesium (Ca().5Mg().4Si()a) asso- 
ciated, in its natural state, with small (piantities of 
impurities, notably iron, which impart to it varying 
shades of colour, from white (TRKMOi.irK) to dark 
green (AciiNorriK). It has a glistening, sometimes 
oily lustre and breaks with a splintering fracture. 
'The structure of nephrite is characteristically fibrous, 
the fibres being arranged in twisted, tufted, inter- 
locked and other intricate patterns. 

"I’ahle I gives the chemical composition of nephrite, 
jadeite and chloromelanite. 

There are only a few places in the world where 
jade is known to occur. Burma is the sole producer of 
jadeite, the main area of its occurrence being the 
Kamaing sub-division in Myitkyina district (25'' 2S' A: 

N. lat. : ik. 96*^24' K. long.). It is obtained 

from the outcrop mines of 'Fawmaw ami detrital 
boulder workings. Jadeite occurs in small (|iiantities 
in 'Fihet and in Shensi and Yiman provinces of 


TABI.li 1— CIIfiMICAl COMI»OSITION OF JADK ("rr 
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*Kneycl<)|);H*(lia nritaimica, XII, Srt.t. 


China. Nephrite is found in Alaska (U.S.A.). Siberia. 
South Turkestan (U.S.S.R.) and New Zealand. 

Mineral jade is re|>orted to occur in a few localities 
in India, hut the «)ccurrences are of no commercial 
importance. Minerals re.semhling jadeite, notably 
sillimanite, occur associated with corundum deposits 
at Pipra in Rewa district, Madhya Pradesh (NIallet, 
Rcc, ^coi. Surv. India, 1S72. 5 , 20 : Sinor, Btdl. geo/. 

R(‘zva State, No. i. 1925, 55). 

So far marketal)le nephrite has not been found in 
India, hut a mineral having the essential composition 
and approaching coarse jade in pliysical characiers is 
known to occur in south Mir/apur. Uttar Piiidesh 
(Clegg, Rcc. jrcol. Sttrv. India, 1954, 80 , 402). 

jadeite is valued on the basis of its colour and 
translncency. The translucent variety, known as Ya\ 
k\ank in Burma, possessing a bright green colour 
resembling that of a peacock’s tail, is most prized. 
A light green variety with bright spots and streaks, 
known as Sliivclii, comes next. These two varieties 
are used in expensive jewellery. Pear-green and sage- 
green varieties are made into pipe stems, plates, cups 
and vases, bowls and other articles. Tablets of jadeite 
are used for decorative purposes as thev develop a 
scenic iH'auty on polishing. Jadeite is used for decora- 
ting chairs, tables and other articles of furniture. The 
mineral is used in indigenous systems of ntedicine 
after subjecting it to a particular type of heal 
treatment. 

The cutting and carving of jade is an extensive 
industry in China. In wSrinagar. nephrite im|)orte(l 
from South Turkestan is cut into earrings, ringstones, 
pendants, etc. 

Jaggery — see Borassus, Caryota, Cocos, Phoenix, 
Saccharum 

Jaipurite — see Cobalt 

Jalap — see Exogonium 

Jambu, Jambul — see Syzygium 

Japanese Raisin Tree — see Hovenia 

Jarosse — see Lathyrus 

Jarul — see Lagerstroemia 

Jasmine, Cape — see Gardenia 

JASMINUM Linn. {Oleaceae) 

A large genus of climbing, trailing or erect shrubs, 
widely distributed in the w.irmer parts of the world. 
The distribution of the genus is |)an-tropical. hut a 
large number of species are centred round the area 


27 t> 



JASMINUM 

I'oinprising the 1 liiiialayas, C'hina aiul Malaysia. 
About 40 species are recorded in India : many of them 
are cultivated for their handsome foliage and fragrant 
llowers ; a few are grown for the extraction of Jasmine 
Oil, widely used in perfumery. 

Many of tlie species recorded from India differ hut 
slightly from one another and appear to he either 
\arieiies or cultivated forms of a few. Even among 
the well-known species, there are variants: many of 
them are horticultural selections based on flower size 
or fragrance and are vegetatively propagated : they 
have often been assigned specific or varietal epithets. 
i\s stated by Kohuski with respect to Chinese jas- 
mines. a critical study of Indian species appears essen- 
tial to evaluate specific identity (Kohuski, /. Arnold 
/I/ 7 ;o/*., 1932, 13 , 145 : ly.^o. 20 , 403). 

Jasmines are fairly hardy, drought-resistant plants 
thriving well under both tropical and temperate 
conditions. Some of them have been introduced into 
the milder climates of Europe and have been found 
to stand temperatures as low as 50*^!^'. In India, they 
are grown nearly throughout the country both in the 
plains and on the hills up to io,(K)o ft. They 
grow in any st)il. l)ut give good results in rich loam 
or dry sandy soil with irrigation facilities : in 
clay soil, the vegetative growth is vigorous, hut flower 
production is low, while in gravelly soil, the plants 
become stuntecl. Jasmitie flowers and buds are in 
great demand and for this reason the plants are culti- 
vated in small holdings, round outskirts t)f cities and 
t(»wns. 'fhey are also grown in gardens, parks and 
hotnevards (Bor & Rai/ada, 217: Dhingra, 25; 
Ratnani. Madras a^ric. 1937, *5 ’ Ball. imp. 

Ifisl., Loud., 1947. 45 , 17 : (iupta Chandra, Econ. 
Hot., 1957, II, 17S). 

'fhe |)lants are propagated by cuttings, layering or 
suckers. Sitice many of the s|K‘(ies atid \arie(ies are 
stragglers the plants need the support of a scaffold, 
pergola or a nearby tree. 

Of the species with fragrant flowers, only three or 
four are commercially important as sources of fresh 
flowers or for the extraction of perfume. These are: 
/, anrii alatatn. ], /Icxilr, J. olficinalc (including 
forma f^randiflornm) and /. samhac. 

C'ldtural practices with regard to the raising of 
jasmines vary with the type of soil and climatic 
conditions. They are usually planted in well prepared 
beds or pits, 4-9 ft. apart, and manured with cattle or 
farmyard manure. Artificial manures are not general- 
ly applied, though in France and other western 
(ountries small (|uantities of ammonium sulphate are 


added along with irrigation water. The plants do not 
recpiire much attention after they are well established. 
Pruning is done to prevent the plants from developing 
into untidy hushes and also to induce profuse flower- 
ing in early summer. During intervals of flowering, 
the soil is dug up, the roots are expo.sed, shoots 
pruned, manure added and refilled, and plants water- 
ed so that dormant buds sprout out vigorously 
(Dhingra vt al., Indian Soap 1950-51, 16 , 235 ; 
Prrfnm. cssent. Oil Rcc.y 1953, 44 , 11 ; Gupta cl al., 
ibid., 1951, 42 , 369 ; Ratnam, loc. cit). 

In India, the flowers are generally harvested when 
the buds are tieveloped. hut still uno|)ened. They are 
gathered in the evening before sunset and kept in a 
cool place : they open out by early morning. For 
extracting the perfume, the flowers are gathered 
slightly before or at daybreak. Flowering starts in 
early summer and continues till October or Novem- 
ber : the flowering period comprises well defined sub- 
periods of profuse flowering lasting about a week 
or so. 

The hulk of flowers collected is u.sed for garlands, 
chaplets, and hou(|uets, and for religious offerings. A 
small portion is used for the production of perfumed 
hair oils and attars, particularly in U.P. In Europe 
and in countries of the Mediterranean region, largi* 
(piantities of jasmine flowers (from J. ojUicinalr forma 
grandiflorinn) are utilised for the tnanufaclure of 
jasmine oil. The odour of jasmitie flowers is utii(|ue. 
in that it cannot he itnitated by any known synthetic 
aromatic chemicals or natural isolates. 

All parts of the plant contain mannitt)!. Greeti stetns 
and leaves contain glucosides which are liydrolysed 
by etnulsiti, hut do not yield odorous cotu|>()tmds 
[C.licm. /l/;.s 7 r., 1952, 46 , 8203: Rep. css. Oils Schini- 
mcl, 1947-48, 83). 

J. angustifolium Vahl Wild [asmink 

D.E.F., IV, 541 : FI. Br. Itui, III, 59S ; Kirr. cV 

Basu, PI. 591. 

San.s. Aspholay kananamallicay vananialli ; HiNtii 
— Banmallica. mwari: 'Fki .. — Adaviniallcy chirnmallr: 
Tam. Kattunialli^ciy kallnmnllai ; Kan. — Kadnmal- 
lii^Cy vanamalli^c ; Mai.. Katlumalliga. 

A small scandetit shrub found in the lower hills of 
S. India, commonly in the Circars, Deccan and 
Carnatic down to 'rravancorc. Stem glabrous : 
hranchlets minutely pubescent : leaves simple, very 
variable even on the same plant, acute, base obtuse or 
almost rounded, glabrous : flowers ex([uisitely frag- 
rant, white and star-like, either solitary or more 
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usually in llirccs ; corolla lobes 7 or 8, linear, obtuse, 
very acute ; carpels two usually v/ell developed. 

The plant grows easily in every soil and situation. 
It bears bright, shining and deep green showy foliage, 
and is particularly well-adapted for screening windows 
and for arbours. It llowcrs in profusion during the 
hot weather and is a tlelightful plant for |K'rfiuning 
the verandah (Burns & Davis, 61 : Firminger, 460). 

The hitter root is used in external applications for 
ringworm. The juice of leaves is given as an emetic 
in cases of poisoning (Kirt. tV Basil, 11 , 1520: Kama 
Rao, 246), 

J. arborescens Roxb. syn. ./. ro\ 7 ;//rg///V/^////// Wall. 
Trek Jasmine 

D.E.P., IV, 541 ; VI Br. Ind., 111 . 594: Knt. 
Basil, PI. 590. 

Sans, — Saptnia, navanKfllica; lIiNni- Bclft, chtniicli, 
mutdbcla ; \\v.\i\~~Hurn ktnida, iidh-iJidllii d ; 'ria.. — 
Addviuuillr : Tam. Nd^fimudli ; Oiuya — lionoutdli. 

San lAL — Cdddhutidhdhd. 

A large sub-erect or climl)ing shrub with hairy 
hranchlets, distrihuted along the sub-I limalayati tract 
and outer ranges up to an altitude of 4,000 ft. and in 
Bengal. Chota Nagpur, Orissa and hills of Ganjam, 
Visakhapainam and Bellaiy, Leaves simple, opposite, 
shortly acuminate, often tomentose on both surfaces : 
cymes with 12-20 flowers, not dense: flowers white 
aiul very fragrant : carpels single, ellipsoid, black. 

This species is common in sal and miscellaneous 
forests ihroughoui the sub-Himalayan iraci anil 
along the rocky hillsides and ludds in Chota Nagpur. 
It is a variable species ; /. roxhur^lndtiinn Wall., a 
s|)ecies recorded from Bihar and parts of Deccan is 
considered to be no more than a variety of this species. 
I’he plant is reported to be susceptible to stem blight 
caused by Doidrojdmmd jdsmini Syd. and Micnt- 
dil)l()did jdstnini Syd., leaf spot caused by Fusicldditun 
butlcri Syd. and leaf and stem rust caused by Cro- 
myccs liobsofii Vi/e. (Osmaston, : Haines, IV, 
525 : hididti J. d^ric. Sri., 1950, 20 , 107). 

The flowers yield a volatile oil. The juice of the 
leaves is used with pepper, garlic and other stimulants 
as an emetic in obstructions of bronchial tubes. The 
leaves are slightly bitter and astringent and used as 
tonic and stomachic. A preparation of the plant is 
reported to be prescribed by Santals in certain men- 
strual complaints, 'fhe Oraons use the herries as a 
tonic. I'hc seeds are said to he eaten in times of 
scarcity (Kirt. & Basil, II, 1519 : Bressers, 88 ; Rama 
Rao, 246). 
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J. auricula turn Vahl 

Fr. Br. Ind., Ill, 600. 

San.s. — Jut/iikd, mugdbcc, sdchiindllikd : Hindi 
Juhiy jui ; Bem;. — Unibusthd, giinicd, yodlltikd ; 
'Vv.i,. Addvitnolld, i'lldddv‘nu(dld ; Tam.— f .vm/i////- 
gfd ; Kan. -Kdddntidlligc, inddh\ditdindlligc vdsdtHd- 
mullr ; Oriya — Honottirdlikd, jui. 

A .scandeni, pubescent or villous shrub found in the 
Deccan J\*ninsula. Gircars and Garnatic, extending 
southwards to 'rravancore. Leaves mostly simple, 
occasionally trifoliolate. the two lower leaflets small 
or reduced to auricles or freipiently wanting ; flowers 
white, sweet scented, home in pubescent, compound, 
many-flowered and lax cytnes : corolla lobes 5-8. 
elliptic : carpels solitary, globose, black. 

The |>lanf is cultivated rhroiighoiit Imlia lor its 
fragrant flowers ))articularly in U.P.. Bihar and 
Bengal. In U.P., it is cultivated on a commercial scale 
in Gha/.ipur, Jaimpur, Farrukhabad and Kanauj 
(Table i). It is propagated by ctittings planted during 
November-January. The flowers appear during the 
rainy season, ahour the heginiiing of August. 'Khey 
are small and light (26,000 flowers |X'r kg.). The 
average yield of flowers varies from 37 to 75 kg. per 
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acre. The plant is rcjwrted to lx: susceptible to sooty 
mould caused by Meliola jasminicola P. Henn. 
(Dhingra, 26 ; Indian /. agric, Sd,, 1950, 20 , 107). 

In India, juhi flowers are used for the production 
of perfumed hair oils and attars. The methods of 
production are similar to those employed for /. 
officinale forma grandiftorttm (q.v.). The yields and 
properties of concrete and otto, produced from the 
flowers on an experimental scale at Kanpur, are 
summarised in Tables 2 and 3. The otto has a dark 
red colour and an odour similar to that of fresh 
flowers, more pleasant and delightful than that of 
ottos from other Jasminum spp. It contains : 
esters (as benzyl acetate), 35.7 ; alcohols (as linalool), 
43.81 ; indole, 2.82 ; and methyl anthranilate, 6.1% 
(Gupta et al., Perfum, essent. Oil Rec,, 1951, 42 , 369). 

The flowers are reported to have medicinal projxr- 
ties and are given in consumption (Kirt. & fiasu, II, 

•925)- 

J. flexile Vahl (including /. caudaitnn Wall.) 

FI. Br. Ind., Ill, 601. 

Bkng. — Malati ; Tani . — Ramabanam mullai ; Kan. 
— Nityamallige, 

KiiAst — McUong-kaitsrce, mvusoh^siang. 

A large climl)er found in Assam, Aka, Lushai and 
Khasi hills, lower hills of Deccan and in western 
ghats up to an elevation of 5,ocx) ft. Bark whitish ; 
leaves opposite, usually trifoliolate : terminal leaflet 
2~4 in. long, base rounded or obtuse, lateral ones 
rather small ; flowers in slender lax panicles ; corolla 
lobes, white, acute or obtuse : carpel ellipsoid. 

This species is very variable. Three varieties are 
distinguished, viz. var. Iravancorense, var. ovata and 
var. hookcriana, Var. travancorense is distributed in 
the west coast from S. Kanara to Kerala at low eleva- 
tions, while the other two arc recorded respectively 
from Khasi and Lushai hills. /. caudatum Wall., a 
species recorded from Bihar, Bengal, Khasi, Jaintia, 
Lushai hills and Andaman Islands, is considered to 
be closely similar to var. hookeriana and l)etter united 
under the name /. flexile |F 1 . Madras, 791 ; FI. 
Assam, III, 231-32 ; Fischer, Rec. hot. Stirv, India, 
1938, 12(2), 1 10 ; Haines, IV, 526]. 

The plant is cultivated for its scented flowers. It 
flowers nearly throughout the year, bur in the cooler 
months, the flowering is profuse. The flowers resem- 
ble those of /. officinale forma grandiflorum, but are 
considered inferior to them in fragrance (Ratnam, 
loc. cit. ; Krishnaswamy & Raman, /. Indian hot, Soc,, 
1948, 27 , 77). 


This plant is practically free from any insect pest. 
Infestation by Ricania fenestrata Fabr. resulting in 
disfiguration and drying up of affected parts has been 
reported in Bangalore ; dusting with 5% benzene 
hexachloride powder on nymphs and adults was 
effective in controlling the pest (Puttarudriah & 
Maheswariah, Mysore agric, J,, 1954, 30 , 12). 

The bark of the stem is reported to contain a bitter 
glucoside and a colouring matter (Dymock, Warden 
& Hooper, II, 380 ; Wehmer, II, 957). 

J. humile Linn. syn. /. inodorum Jacq. ; /. revolu- 
turn Sims ; /. chrysanthemum Roxb.* ; /. wallichianum 
Lindl. ; /. pttbigerum D. Don glabrum DC. ; /. 
bignoniaceum Wall. Yellow Jasmine, Italian 
Jasmine, Nepal Jasmine 
D.E.P., IV, 543 ; FI. Br. Ind., Ill, 602. 

Sans. — Svarnajulhica, hemapushpika ; Hindi — Peeli 
chameli, peelajui, malto ; BEViG.—Svarnajui ; Tel. — 
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Pachche adavimallc ; T\M.-Semmalligai ; Kan. — 
Hasarumallige ; Mal. — Ponmallika, 

Kumaon— 

An erect diffuse shrub with glabrous, angular 
branches, found throughout the suh-tropical Hima- 
layas from Kashmir to Nepal up to an altitude of 
9,000 ft., and in Mount Abu and the hills of S. India 
above 5,000 ft. Leaves aliernatc: leaflets, a-ii, very 
variable in size ; flowers yellow, fragrant, solitary or 
in short terminal compound corymbose cymes ; 
corolla lobes 5, ovate or obtuse ; carpels black when 
ripe with crimson juice. 

The plants included under this species are very 
variable and are found distributed in India and China 
and have been recorded under more than half a dozen 
s|>ecific names. These specific names have all been 
merged under a single unit, /. humile in FI. Br. India 
and in most of the later Indian floras, but often 
separately dealt with in horticultural literature. 
While a careful study of the Chinese and N. Indian 
variants have shown that it is possible to merge them 
in a single unit, it is still convenient to retain them as 
separate varieties, if not as species, due to considerable 
variation seen among them. An examination of the 
Indian material recorded under the specific name /. 
hignotmeeum Wall, indicates also that it is different 
from its N. Indian counterparts and that it should 
l)e considered as a distinct variety, if not as a species 
(Kobuski. /. Arnold Arbor,, 1932, 13 , 145 ; 1939, 20 , 
403 : Fyson, Flora of the Nilgiri & Pulncy Hill tops, 
1915, I, 276). 

The plants are grown in gardens for their fragrant 
yellow flowers. They are easily propagated by seeds 
or cuttings. In Darjeeling, they bear flowers in profu- 
sion for a long period and set seed freely. The flowers 
yield an aromatic essential oil used in |)erfumery. A 
yellow dye is extracted from the roots. The root is 
said to be useful in ringworm. The milky juice 
exuded from incisions in the bark is effective in 
destroying unhealthy lining walls of chronic sinuses 
and fistulas (Bailey, 1947, II, 1719: Chittenden, II, 
1087 ; Bor & Raizada, 222 ; Kirt. & Basil, II, 1521), 

J. malabaricum Wight syn. /. latifolium Crah. non 
Roxb. 

FI. Br. Ind., Ill, 594 : Talbot, II, 187, Fig. 384. 

Mar. — Kundi, kusur, kustiri ; Kan. — Dolle husdi- 
halli, tirgal, 

Bombay — Mogra, ran-mogra. 

A large climbing or scandent shrub, commonly 
found in Deccan, west coast and western ghats from 
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Konkan southwards to Malabar and in Nilgiris up 
to 4,000 ft. Stem up to 8 inches in diam. ; 
branches terete, glabrous ; leaves broadly ovate, acute 
or acuminate at the apex, rounded or sub-cordate at 
the base, membranous, glabrous ; flowers borne in 
terminal, lax, many-flowered (often 40-50) trichoto- 
moiis cymes, white, fragrant ; calyx lol>es 5-7, linear , 
corolla lobes 6-10, oblong or lanceolate finely acu- 
minates carj’iels ellipsoid. 

The plant is common in moist monsoon forests, 
and flowers profusely from February to May, occa- 
sionally up to June, and fruits from April to Septem- 
l^er. It is grown for its fragrant flowers, even though 
it has a wild look. It is re{)orted to be affected by a 
leaf mould caused by Asterina spissa Syd., a rust 
caused by Chaconia hutleri Syd. and a leaf and stem 
rust caused by Urotnyces hobsoni Vize. (Santapau, /. 
Bombay nat. Hist, Soc\, 1946-47, 46 , 563 ; Rec. hot. 
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Surv. India. 1953, 16 , 162 : !nduni J. a^ric. ScL 1950, 
20, 107). 

The juice of the stem is reported to he used for 
cataract in the eye (Kulkarni. /. Bombay nat. Hist. 
Soc.y i9(k;-io, 19 , 574). 

J. mesnyi Hance syn. /. primuiminn Ifcinsl. Prim- 
RosK Jasmink 

Pailey, 1947, H. i7»^ : Kohuski. J. Arnold Arbor.. 
1932, 13 , 152. 

An evergreen twiggy shrub, native of Yunnan 
(China), extensively cultivated throughout the tropi- 
cal and suh-tropical |Kirts of the world. Branches 4- 
angled, stilf and glabrous : leaves opposite, 3 foliolate. 
up to 4 in. long: leaflets almost sessile, glabrous, 
narrowly elliptic or ohlong-lanceolate, rather thick in 
texture, dark green and shining above and pale 
beneath : flowers solitary, axillary, primrose-yellow in 
colour, orange at the tliroat : calyx lobes 6, lanceo- 
late : corolla lobes usually b. obovate, rounded. 

'Phis plant is not known in a wild state and has 
been grown as an ornamental plant for its large 
scentless flowers. It thrives on poor soil and under 
adverse conditions and can be propagated by layering, 
cuttings or root sitckers : double-flowered forms arc 
also known under cultivation. The flowers appear in 
March-May (Bor & Rai/ada, 22<v2!). 

J. multiflorum (Burm. f.) Andr. syn. /. pubcsirns 
Willd. : /. Iiirsnium Willd, Downv Jasmink 

D.K.P., IV. 544 : FI, Br, Ind., Ill, 592. 

Sans. — Kunda. sadapuslipa. vasanta ; Hindi — 
Cliamcli. ktnida, kinidpbid ; Mar. — Mogra ; Tel.- 
Gnjari. ktnidamu. malic ; TA>t. — Malligai ; Mai.. — 
Kurukuttimtdla. 

A large scandeni, tomentose shrub with branches 
and young parts villous ; leaves opposite, simple, 
ovate, acuminate, more or less pubescent beneath ; 
flowers borne in compact, short, pedunculate cymes, 
slightly fragrant, white, sul>sessile : corolla lolies 
oblong, lanceolate : car|K‘l black when ripe. 

The plant is found throughout India and is 
common in the sub-Himalayan tract up to an 
elevation of 3,otK) ft. and in moist forests of western 
ghats up to a height of 5,(xx) ft. It is very variable. It 
is not exacting in soil requirements and flowers practi- 
cally throughout the year : flowering is particularly 
profuse during winter, when the flowers appear in 
bunches, sometimes as many as 30. The plant is 
exceedingly ornamental and is particularly well 
adapted for covering trellis or as ground cover and 



FIG. 150. JASMINUM MULTIFLORUM— FLOWERING BRANCH 


low shrub (Firminger, 462 ; Bor & Raizada, 220 : 
Bhatnagar, Sci. & Cult.. 1956-57, 22, 5^)6). 

Dried leaves of the j^lanl are reported to he employ- 
ed in poultices for indolent ulcers (Kirt. & Basil, II, 
1518). 

J. officinale Linn. 

D.K.P., IV, 544 : Bor ^ Raizada, 222. 

A twining shrub, with striate branches, considered 
to be a native of Persia or Kashmir where it occurs 
at an altitude of 3,(xxv-9,ooo ft. Leaves opposite, 
imparipinnately compound with 3-7 leaflets: termi- 
nal leaflet larger than laterals ; inflorescence terminal 
with few-flowered (at times single-flowered) cymes, 
shorter than leaves : flowers white with 4-5 lobes, 
fragrant ; fruit elliptic globose, black when ripe. 

I'he species is hardy and is cultivated nearly 
throughout the tropical and temperate regions of the 
world but often replaced by forma grandiflorum. 
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FIG. 151. JASMINUM OFFICINALE— FLOWFRING BRANCH 


— forma grandiflorum (Linn.) Kolniski syn. 
/. gniudillnrinu Linn. Si»a.\isii Jasmink, C^o.mmon 
Jasmine 

D.K.P., IV. 542: Kl. Br. Ind.. III. 603; Bor 
Rai/acla. 223. 

Sans. — Chamhcli, chctaki, jati, vialati : Hindi & 
\\v.\v,,—Chamelu jali : Guj. — Chamhcli ; Tel. — /r/yi, 
malati ; T\\\, -Manmadahatunu, mtdlai, padar- 

nudligai, piclii ; Mal. — Pu liakum, pidutkamidla ; 
Kan. — /ly/Vgc, y^/yV. vudli^c, jati uudligc. 

PuNjAH - Chinuba, chamhcli. 

A large scrambling or twining shrub, considered to 
be a native of N.W. Himalayas, widely grown in 
gardens throughout India. Branches ribbed : leaves 
opposite, im|>aripinnaie1y compound: leaflets 7-11, 
terminal leaflet somewhat larger than laterals : lateral 
leaflets sessile or shortly petiolaie, distal pair with 
broad connate bases confluent with the terminal : 


flowers borne in lax axillary or terminal cymes longer 
than leaves, white, often tinged with purple on the 
outside, delightfully fragrant ; hracts ovate to spathu- 
lateniblong, foliaceoiis : calyx glabrous ; lobes 5, 
subulate ; corolla lobes 5, elliptic or obovate : 
carjiels 2. 

This form is extensively cultivated both in the 
plains and on the hills uj) to an altitude of 
lo.tKH) ft. It is the chief source of the commercial 
perfume in Kiirope and Mediterranean countries anil 
includes all the horticultural types of /. officinale 
grown in gardens, particularly those having large 
and showy flowers. It has often been designated as 
a distinct species, different from /. officinale. It differs 
from the latter mainly in its more vigorous growth, 
larger ntimber of leaflets per leaf, shape and si/e of 
the inflorescence, which is longer than the leaves. 
The study of a large collection of samples, both 
sjM)nraneous and cultivated, has shown that there is 
a definite gradation in all the diagnostic characters 
and that no character or group of characters held 
together permitted a specific separation. Both |)lants 
are widely grown in Kiirope, and forma grandiflorum 
is grafted upon the stalks of J. officinale to yield 
flowers which are used for perfume extraction. It is 
diflicult to separate the information on one from the 
other and it has been found convenient to deal with 
them together (Kobuski, /. Arnold Arbor. ^ 19,^2. 

•3, 145)- 

Various types of /. officinale and forma irrandiflo- 
rum arc grown in India, particularly in the vicinity 
of towns and cities, where flowers find a ready 
market. The plants are cultivated on a large scale in 
a few areas in U.P., for example in Ghazipur, 
Farrukhabad, Ballia and Jaunpur, and ' flowers are 
used for the extraction of perfume. Data relating to 
the acreage under cultivation or production of 
flowers are not available. Table i gives an estimate 
of the acreage and yield according to a survey carried 


table 1-estimated acreage and production of jasmine flowers in u.p. 


y. aurictilutum 

/. olficinale form.'i f^randiftnrum 

y. samhdc 

r % 

Acro.'ij'c Av. yield 'acre 

r ^ 

Aereaj'c Av. yield ';iere 

r y 

Aerea^e Av. \iel»l'atre 

(iml.) 

(md.) 

(ind.) 


rarriiklinhad 

1 

1 

50 

7 

02 

10 

Chnzipur 

10 

1 

165 

4 

4 

S 

Sikandarpur (Dallia dist.) 


.. 

19 

6 

3 

10 

Jaunpur 

* niiingra, 13. 

1.5 

2 

40 

6 

21 

12 
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out in U.P. The plants once established continue to 
yield flowers for 8-15 years. 

The flowers vary in size, depending upon the age 
of the plant, cultural practices and season. The 
average yield of flowers per acre in U.P. ranges 
from 160-280 kg. (10,000-12,000 flowers per kg.). The 
maximum yield reported is 400 kg. per acre. An 
average yield of i,6to kg. per acre has been reported 
in France ; the yield reaches the maximum from the 
fifth year onwards after planting (Dhingra, 13, 26; 
Bull imp. Inst., Lond,, 1947, 45, 17). 

/. officinale and forma grandiflorum are subject to 
leaf and stem rust, caused by Uromyces hohsoni 
Vize. A jasmine bug has been reported from South 
India ; this can be controlled by spraying the bushes 
with fish oil resin soap mixture {Indian ]. agric. Set., 
1950, 20, 107 ; Ratnam, loc. cit.). 

The bulk of the harvested flowers is used as such 
in garlands, chaplets and decorative bunches and for 
religious offerings ; only a small quantity is used for 
the production of hair oils and attars. There is no 
production of jasmine oil in India. Jasmine oil of 
commerce is almost entirely obtained from the 
flowers of this species in Grasse (France), Sicily and 
Calabria (Italy), which are the principal producers 
of the oil. Ill recent years, plantations have been 
started in Kgypt, Syria, Algeria and Morocco 
(Guenther, V, 320). 

The leaves also contain a resin, salicylic acid, an 
alkaloid (jasminine) and an astringent principle. 
The root is said to He used in the treatment of 
ringworm. In Catalonia and Turkey, the long straight 
stems of the plant are used for making slender pipe 
tubes. The leaves are chewed for relief in cases of 
ulceration of the mucous membrane of the mouth. 
Fresh juice of leaves is used as an application for 
corns ; an oil preparation containing the juice is used 
in otorrhoea. The whole plant is considered to be 
anthelmintic, diuretic and emmenagogic. The scent- 
ed oil and attar from flowers arc valued for their 
cooling effect in skin diseases, headache and eye 
troubles (Kirt. & Basil, II, 1523). 

Jasmine Oil 

Jasmine flowers owe their fragrance to a volatile 
oil present in the epidermal cells of the inner and 
outer surfaces of both the petals and the sepals. The 
flowers continue to emit the natural perfume even 
after they arc detached from the plant, until they 
fade and deteriorate. The fragrance begins to develop 
when the flowers open out soon after sunset and with- 


in a few hours after sunrise, the formation of 
scent practically ceases, but the flowers continue to 
emit fragrance, on account of the essential oil formed 
during the night (Finnemore, 696 ; Rakshit, Perfum. 
essent. Oil Rec., 1937, 2S, 241 ; Gruenther, V, 325-^6). 

Jasmine perfume is extracted from the flowers by 
enfleurage or by solvent extraction ; steam-distilla- 
tion gives poor yields. As the development of per- 
fume continues for sometime after gathering, the 
enfleurage process gives higher yields, nearly 2 to 3 
times that obtained by solvent extraction. The latter 
process has, however, been found to be economical 
as it not only recovers practically all the odorous 
constituents but also saves labour charges. In the 
solvent extraction process, the flowers are placed in 
a battery of closed cylinders and the refined solvent 
is allowed to run through them in succession. Petro- 
leum ether is the solvent usually employed ; benzene 
produces a highly coloured product with a hard 
odour. The solvent is recovered by vacuum distilla- 
tion and the residue, consisting of odorous principles 
and waxes, constitutes the concrete. The absolute is 
obtained by separating the waxy material by treat- 
ment with high proof alcohol (Poucher, II, 145 : 
Guenther, V, 324, 332). 

The enfleurage process was generally adopted, until 
recently, for the extraction of perfume, particularly 
in France. It is the method employed in India. In 
this process, the perfume is absorbed by a fatty body 
from which it is later recovered by alcohol, acetone 
or other solvent. In France, where this process has 
been in vogue for centuries, fresh flowers are gathered 
and placed on glass trays smeared with refined fat 
(lard or beef suet or a mixture of the two);;^ the 
exhausted flowers are daily replaced by fresh Adders, 
till the fat becomes fully saturated with the perfume. 
The pomade obtained is extracted with alcohol and 
the extract distilled to give the absolute. Treated 
flowers, which still retain some perfume, ai^/^tract- 
ed with petroleum ether to yield a secej^-grade 
product [Perfum. essent. Oil Rec., 1948, 39, 351 ; 
Bull. imp. Inst., Land., 1947, 45, 17). 

The yield of concrete, according to Naves & Mazu- 
yer varies from 0.28 to 0.34%. There is a 45-53% yield 
. of absolute and a 10 to 19% content of steam distilla- 
ble substances. The yield of absolute obtained by en- 
fleurage is much higher. The yield and quality of the 
perfume depend upon several factors : flowers gather- 
ed from high altitudes give a product of superior qua- 
lity ; those gathered early in the morning yield more 
oil of a finer aroma than those picked at noon or in 
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TABLE 2-aiARACTBRlSTlCS OF CONCRETES AND OTTOS FROM INDIAN JASMINUM SPP. 


/. aurkulatum 


/. officinale forma 
grandifiorum 


J. sambac 


Concrete* 



Concrete' 

Otto' 

Concrete* 

Otto* 

Benzene 

extr. 

wN ^ 

Chloroform 

extr. 


Yield, % 

0.412 

• • 

0„W-fl.425 

• . 

0.44 

0.44 

. . 

Congealing |it. 

48* 

• • 

54-55* 

• . 

68 69“ 

52“ 

.. 

ni.p. 

SO* 

• • 

54-55“ 

.. 

70“ 

55* 


Sp. gr.*** 

• • 

0.9548 

•• 

0.9814 
(at 22 “) 

•• 

•• 

0.9727 0.9797 

[“) 

• • 

• • 

•• 

+4.26'‘ 

(at 20 *^) 

• • 


•• 

n 

•• 

1.5185 

•• 

1.4970 
(at 22 “) 

• • 

•• 

1.506-1.507 
(at .30“) 

Acid val. 

9.5 

7.2 

0.23 0.27 

1.16 

3.76 

9.7 

1.51 11. .36 

Ester val. 

. . 

132.8 

. . 

. . 

. . 

. . 

I2I.2-I3I.5 

Sup. val. 

230.46 

140.04 

116.2 119.6 

278.06 

176.7 

165.9 

1 26.7-141.0 

Sol. in 95% alcohol 

Ester content, as 
bciizyl acetate (%) 


80 I. in all 
proportions 
(85% alco- 
hol) 

35.7 


74.8 



1 in 9 (v/v) 

32.45-35.2 

' (hipta ft al.t Perfum. vssent. 
1950 51. 16, 259. 

Oil /?«;.. 1951, 42, 

369 ; * Dhingra 

vt al., ibid., 

1953, 44, II ; 

' Dhingra rt al., 

Indian Soaf* J., 


the afternoon ; those gathered in warm atui sunny 
weather give a better yield and (luality of [jerfume 
than those collected in cloudy or rainy weather. 
Flowers should be processed immediately after 
harvest and the temperature of extraction kept as low 
as possible (Naves & Mazuyer, 192 ; Poucher, II, 145 ; 
Guenther, V, 331-32). 

Two types of extraction methods are followed in 
India, a modified enfleurage process for preparing 
[K^rfumed oils and a distillation process for making 
attars. In the modified enfleurage process, cleaned and 
husked til {Sesamtim indicum) seeds are used in place 
of "lard or other fat; fresh jasmine flowers and til 
seeds are spread in alternate layers on the floor of a 
cemented pit ; exhausted flowers are replaced by 
fresh flowers after every ia-12 hours until the seeds 
arc saturated with the |Krfumc. The perfumed oil, 
obtained from the seeds by expression in ghanivs, is 
marketed as Sire ka tcL A total of 12-18 md. of 
flowers are used for 6 md. of seeds. Three types of 
perfumed oils are available, viz. Sira (high grade), 
Baju (medium grade), and Raddi (low grade). The 
exhausted flowers from Sira are used for the prepara- 
tion of Baju and Raddi grade oils. No standa^s have 
been formulated for the oils. 


For the production of attars, the flowers are distil- 
led in earthenware vessels and the vapours absorlK'd 
in sandalwood oil. About 10 lb. of sandalwood oil 
arc used for absorbing the perfume principles from 
500-700 Ib. of flowers. A superior grade of attar is 
obtained by ageing the product for 3-4 years, fresh 
jasmine extract Ixjing added every year during the 
ageing period (Narielwala & Rakshit, Rep, rssent. Oil 
Comm.f Conn, sci, industr. Res,, 1942, 24 ; Dhingra 
et al., Indian Soap /., 1950-51. 16 , 235 ; With India — 
Industrial PnKlucts, pt III, 21 1). 

Experimental trials have been carried out at the 
U.B. Technological Institute at Kanpur on the pro- 

TABLE YIELDS OF OTTO FROM JASMINUM SPP. BY DIFFERENT 
EXTRACTION METHODS* 



Water- 

Steam- 

Enfleurage 

Solvent 


distillation 

distillation 

% 

extraction 

J. aurk'ulaiam 

% 

0.020 

% 

0.146 

% 

/. officinale fortna 

grandifiorum 

0.020 0.022 

0.025 0.0.10 

0.180 

0.040 

J. sambac 

0.020-0.025 

0.0.10-0.035 

0.150 

0.040 


* Dhingra. 26. 
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(liu'tion ol jasiniiic pcrfuincs by cnilciiragc, solvent 
extraction, an<l direct distillation processes. The pro- 
perties of concretes and ottos prepared are siiminar- 
ised in 'I'able 2 ; the yield of otto varies with the 
species and the method of extraction (Table 3) 
(1)1 ling ra ct liuHun Soali /., 1950-51, 16 , 235, 259 ; 

(Iiipta ct (il., Pcrfuju. csscitt. Oil Rrc., 1951, 42 , 369; 
Dhingra cl uL, ibid., 1953, 44 , 1 1). 

Rhysico-clicwical [nopcrtics — Concrete of jasmine 
obtained by solvent extraction is a waxy material, 
witli red lirown colour and characteristic odour of 
the flowers : it is partly soluble in 95’/, > alcohol. 
Jasmine absolute is a viscous, clear, yellow-brown 
li(|uid with a delightful odour reminiscent of live 
flowers and sohdile in 95"n alcohol. The absolute 
darkens on ageing becoming deep red and deposits a 
greyisli sediment. The absolute of enfleuragc is a 
dark reddish brown, viscous oil with the scent of 
fresh flowers but with a fatty off-note. On ageing, it 
turns dark red and a sediment is dep(»sited : the 
solubility in alcohol is also affected. The characteris- 
tics of jasmine concrete and absolute and of steam- 
volatile oils derived from them arc summarised in 
I'able 4. 

Cauiposiiion Hen/yl acetate is the principal con- 
stituent of jasmine oil. Other constituents reported 
to be present are: linalyl acetate, ben/yl ben/oate, 
hen/yl alcohol, geraniol, nerol, /-o-terpineol, d- and 
c//-linalool, an alcohol(?) with an odour reminisc’ent of 
/i. y-hexenol, fariiesol, nerolidol, an unidentified alco- 


hol (CiJI.T,0) which plays an important role in the 
fixation of odorous principles, eugenol, /)-cresol, 
creosol, lactones (?) with lasting and fruity odour, 
ben/aldehyde, jasmone, an unidentified ketone 
(OiaHn-Oa), benzoic acid, methyl anthranilatc and 
indole. Analysis of Indian otto gave the following 
results : esters (as benzyl acetate), 74.8 : alcohols 
(as iKMi/yl alcohol), 15.46 ; methyl anlhranilale, 
0.45: indole. 1.75; and jasmone, 3.0% (Guenther, 
V, 334-36; Dhingra ct c//., Induni Soap ]., 1950-51, 

259)- 

l\'troleum ether extracts (concrete) of flowers con- 
tain, besides the volatile oil, colouring matter and 
wax ; the latter is an excellent fixative for perfumes 
and is recovered from concrete during the prepara- 
tion of absoltite. The wax possesses the following 
characteristics: sp. gr.'*' , 0.932 : acid val., 5.4 ; ester 
val., 55.5 ; iod. val., 40.26 ; sap. val., 60.9 : and m.p., 
60°. It contains: hydrocarbons. 49.85; higher 
alcohols, 14.35: saturated acids, 21.31; and tm- 
sattirated acids, 14.50%. The wax retains small 
percentages of essence and can be used in the manu- 
facture of soaps (Warth. 318: C.ficm, Absir., 1931. 

Uses — Jasmine oil is used in high grade perfumes, 
ranking next only to rose in the order of importance. 
Almost all superior perfumes (‘ontain at least a small 
amount of jasmine oil. The absolute, although expen- 
sive, gives the best results : it blends with any floral 
scent imparting smoothness and elegance to perfume 


tabu: - l-CUARACTERI.STICS OF JASMINE CONCRETES, ABSOLUTES AND OILS FROM EUROPE 


Clonerete of extraeiion 

Absolute f»f 

Steam-\(»latile oils 


JL 

ft •• wm ^»ft 

- 


f \ 

iXirficiifMi f 

a b 



S|). j;f. 

d.sso ().sys7 

at 60 60 

• • 

0.0200 0.0550 

(.It 20 ) 

0.066 I.0i06 
(at 20 ) 

0.00.? 1.047 
(at 15 ) 

0.062 
(at 15 ) 



1 5 to -1- 1 2 

+ 2.2 to +4.05'- 

2.6 to f.t.2 

1 2.2 to +.?.7‘ 

1 2.7' 

n 

1.4640 1.46.S8 


1.4822 1.40.15 
(at 20^) 

1.4020 l.->041 
(at 20 ) 

1.4044 !..'?() 15 
(at 20 ) 

1 .4002 
(at 20 ) 

A( id \al. 

12.6 15.4 

O.S 12.6 

4.2 17.2 

0.1 6.7. 

2.2 7.5 

4.0 

F.sler \;il. 

• . 

6S 105 

06.4 147.6 

165 227 

2.14.0 26S.8 


(!ou;;ealin;; pt. 


47 





m.|). 

47 52'- 

40 52" 



.. 


Indole % 

. . 


0.0« 0.20 

0.10 (Ml 

. . 

. . 

Metbvl antliranilate 

* Client her, V, .^27, 

.120 M), X\S .M. 


0.15 0.35 

0.22 0.40 

•• 



a Obtained from eoiurele. b From absolute enneura^e. e From absolute of eliassis. 
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compositions. Jasmine oil is used for perfuming 
expensive soaps and cosmetics, mouth washes and 
dentifrices, bath salts, sachets and tol)acco. It is also 
used in incense and fumigants. Alcoholic washings 
of concrete are used in handkerchief perfumes 
(Guenther, V, 337 - 3 ^ J Poucher, II, 333, 375, 389 ; 
Jellinek, in). 

According to a recent estimate, the production of 
concrete jasmine in various countries amounts to 
5,o(X) kg., of which nearly 50 Vo is in Grasse (!*" ranee). 
The possibility of manufacturing ottos and concretes 
in India has been recently investigated. Laboratory 
studies have established that the products obtained 
from Indian jasmines compare favourably with those 
produced in Grasse. Experimental trials have shown 
that the cost of production of jasmine absolute from 
7. officvialv forma grandifionnn works out to 
Hs. 2,500 3, o(K) per Ih., wliile that from /. samhac, to 
Rs. i,5oo-2,(K)o per Ih. It has been found that 
deodorised hydrogenated fat can he used in place of 
lard or other animal fat in the enlleurage process 
(Cliatelain, Pvrfinn. assent. Oil Rac., 1951, 42 , 188 : 
Dhingra at al., Indian Soap 1950-51, 16, 235; 
Pcriunt. assent. Oil Rac., 1953, 44 , ii). 

J. ritchiei C.H. Clarke 

FI. Br. Ind., Ill, 598 : 'lalhot, II, Fig. 386. 

Tam. Kannnnllai ; Tki.. — Adivifnalla. 

A climbing or scandent shrtd) commonly found in 
the rain forests of Konkan, N. Kanara and western 
ghats of My.sore and Nilgiris and in middle 
Andaman Islands. Leaves ovate, acuminate, glabrous ; 
llowers white, borne in 3-9 flowered, lax, often sub- 
pan icu late cymes. 

The leaves are reported to he useful in toothache : 
the wood is used lor pipe tubes. The flowers are used 
in an oily preparation for piles (Kirt. Basil, II, 
1525 ; Rama Rao, 247). 

J. rottlerianum Wall, ex DC. 

FI. Br. Ind., Ill, 593. 

Sans. — V ananialli^a Tam. — Kattnnialligai, annn- 
aininllai ; Kan. Vanamalli^e ; Mal. — Vallakattu- 
nmlla. 

A large scandent, villous shriih commonly found 
in western ghats up to 5,o(x) ft. from Konkan south- 
wards to Kerala. Leaves elliptic, often sulvcordate at 
the base, acute or acuminate, softly hairy on both 
surfaces, or glabrous above : flowers white, in terminal 
cymes ; corolla lobes 5 7, oblong, ohtu.se : carpels 
ellipsoid, smooth and black. The plant flowers in 
January-March and fruits during June-August. 


The leaves are reporteil to be employed in prepara- 
tions for eczema in children and for purifying blood ; 
the flowers, which are not fr.’igrant, are similarly used 
(Chopra. 5(K) ; Kirt. & Basil, II, 1526 : Rama Rao, 

245)- 

J. sambac (Linn.) Ait. Akabian Jas.mink, Tiscan 
Jasmine 

D.E.P.. IV, 544: FI. Br. Ind., Ill, 591 Bor & 
Raizada, 218. 

Sans. — Mallika ; Hindi — lianniallika, clianiha, 
mog/ira ; Benc;. - A/oZ/V/, niogra ; Mak. — Mo^ra, 
hat-mogri ; Tki.. — Boddunialla, gundinnalle, man- 
mat habanmn ; Tam. Adnkkumalli, gundumalli^ 
virnpaksciii, kuda-malligai ; Kan. — Elnsnttn malliga, 
iruvantige, sujimallige , kolumallige ; Mal.-- C/icru- 
piahakam, kudamnlla, nallamnlla. 

A scandent or sub-erect shrub found throughout 
India, mostly under cultivation. Branch lets pubes- 
cent : leaves op|)osite or .sometimes ternate. variable 
in shape, usually ovale or elliptic, glabrous or nearly 
so, with prominent lateral nerves : flowers white, very 
fragrant, solitary, or in 3-flowered terminal cymes ; 
calyx teeth 5-9, linear-subulate ; corolla lobes 
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narrowly ol>loii^, aciilc or obuiso, orhiciilar in culti- 
vation : carpels black when ripe. 

This plant is nuich valued for its e\(|iiisitely 
fragrant llowers and is cultivated nearly tbroiighoiit 
the tropical and sub-tropical parts of the world. 
While its cultivation in India dates back to ancient 
times, its original home is considered to be some 
region west of India. It is very variable and includes 
a large numlH*r of horticultural forms. The Indian 
iV|K\s can be classified under 4 distinct groups: 
(i) Mntiya held (Tam. — Virupakshi : Kan. Iruvan- 
lijre) with doidile flowers, rounded petals and 
globular buds ; (2) Bela (Tam. — Guiulimidlli) also 
(loiible flowered with elongated petals : (3) Hazara 
held (Kan. — Sujitnallige) with single flowers : and 
(4) Mungra (Tam. Adukktnualli : KAS.—Elusutlih 
uialligc) with multi-wborled petals which arc round- 
ed and the buds measuring about one inch in dia- 
meter (Biirkill, II, 1264: Krishnaswamy & Raman, 
/. ftidian hot, Soc., 1948, 27 , 77 ; Bhatnagat, .Set. 6* 
Cult,, 1955-56. 21 , 615). 

The plant is propagated iiy cuttings in the same 
way as /. nlf'uiuale forma ^raudillorttui. It prefers dry 
locations and llowers most profusely when grown 
under direct exposure to sun. Its culture is similar to 
other jasmines. It flowers during hot atui rainy 
.seasons and stripping off the leaves before flowering 
induces profuse blos.soms. 

I'he double fkiwered forms are the most jiopidar. 
'riiey are cidtivated on a commercial .scale in parts 
of U.P. (Kanauj, Jaun|nir, (ihazipur and Sikandar- 
pur) and Madras. 'Phe average yield of flowers per 
acre is 600 kg. (3 ,(xk>-4,(K)o flowers |K*r kg.) with a 
maximum yield of i.txx) kg. 'Phe acreage under this 
jasmine in U.P. is given in 'Table 1 (I)hingra et al„ 
Perfmu, esseut. Oil Ree„ 1953, 44 , 11). 

/. samhae is often attacked by scale insects, result- 
ing in black fungal growths 011 leaves. The larvae of 
jasmine fly, a cecidomyiid, cause considerable damage 
to buds. Spraying with Parathion (0.025'’;',) 
Sandovir as adhesive checks the pest in a consider- 
able extent (Bor Rai/ada, 21S : Rao et al., Andhra 
iif'rii-. 1954. I, 41.^)- 

'I'he flowers of /. samhae are widely tised in India 
for making garlands and bou(|uets and for religious 
cjfferings. It is used in China for flavouring tea. About 
30 lb. of the flowers are mixed with 10 lb. of J. 
panieulatum flowers to flavour kh) lb. of tea. In 
Malaya, the flowers arc used in scenting coconut hair 
oil (Burkill, 11 , 1204 : Kncyclopaedia Britaiinica, 1938, 
XII, 969). 


'The flowers of ], samhae are used in the same way 
as those of ], officinale forma ^randifiorum for the 
extraction of perfume. It is estimated that nearly 
4(x> md. of flowers are annually used for the extraction 
of perfumed oil and 250 md. for the preparation of 
attar. Kxtraction of flowers with petroleum ether 
yields 0.43/0 concrete, which gives 26.39% absolute. 
The absolute is deep red in colour and possesses an 
odour suggestive of jasmine and orange flower, Ixfing 
extremely warm, strong anti powerful. A sample of 
absolute from Kast Africa, prepared by the enfleurage 
process, had the following characteristics: t/' 

I. 024: |»]^'’ . -1-2.41"; 1.5061: and sap. val., 

153.3. The properties of concrete (benzene extraction) 
and otto (direct distillation) from Indian flowers are 
given in Table 2 : yields of otto obtained by different 
methods are given in Table 3. 'The otto possesses a 
very pleasing and lasting note and can be employed 
in the preparation of high class jierfumes, cosmetics 
and toilet soaps. It contains: esters (as benzyl acetate). 
32.45-35.20 : alcohols (as linalool), 3u.73-35.58 : 
methyl anthranilate, 2.88-3.51 : and indole, 2.75- 
2.82”.. (Naves & Maziiyer. 196. 2<>i : Dhingra et a!., 
Perfum, essent. Oil Ree., 1953, 44 , 1 1). 

The flowers contain a yellow pigment, used as a 
substitute for saffron (Wehmer, II, 957). 

'The flowers and other jKUts of the plant are used in 
medicine. Flowers are used in Malaya in applications 
for congestive headache. A lotion made of the flowers 
is used for washing the face and eyes. Crushed flowers 
are sometimes used as a lactifuge. A decoction of the 
leaves is used for fevers. Leaves are applied as a poul- 
tice for skin complaints and ulcers. Roots are used 
with leaves in eye lotions (Burkill, II. 1266: Kirt. & 
Basil, 11 , 1516). 

J. scandens Vahl 

FI. Br. Ind., Ill, 595, 

Nv.VAi,-~Hare laliara. 

A scaiulent shrub with pubescent braiichlets found 
in the lower hills of Sikkim, Bengal and Assam and 
further south in Bihar, Orissa and N. Circars. Leaves 
ovate-lanceolate, acuminate, with rounded base : 
cymes dense, often on short axillary branches : 
flowers white, tinged with pink, very fragrant ; corolla 
lube short: lobes oblong, acute: carpels ellipsoid. 
'The plant bears flowers in November-February ; 
fruits appear during early summer. 

The root of the plant is reported to be useful in the 
treatment of ringworm. The leaves contain a bitter 
substance, jasmiglabrin. and an inactive alkaloid 
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TABLK 5-DlSTRlBlJTlON OF SOME JASMINUM SPECIES IN INDIA AND THEIR ORNAMENTAL VALUE 


S|)ecies 

Distribution 

Flowering 

|K‘ri(Kl 

Flower colour atid 
odour 

Remarks 

/. umfflfxicauh* Hiich.-Hani. ex 
il. Don syii. J. utululatum 
Ker-(biwl., non Willd. 

Sikkim, Bhutan, Assam. 

Khasi hills up to 5.(Nt0 It. 

Sept. Nov. 

While, fragrant' 


/. uttvmuitum KoxI). ex C.. Don 

Assam, Khasi A; Liish.ai hill 

.Mar. Apr. 

Bright red, pittk or 
white' 


y. azoricum Linn. 


LVbr. 

White, scentless 

C!uliivaied for its pr 
fuse dowers'' 

/. hrevHohum A. I)(\ 

Western ghats, Nilgiris 
Piiliieys, above 5,(M)0 It. 

june .Sept. 

White, \ery fragrant' 


/. culoldixllum Wall, ex IX!. 

H.intda, south Detcan, west- 
ern ghats, Nilgiri.s, Ana 
malais, hills of 'rinnevellv. 
up to 4,000 It. 


White, fragrant 

(’ulii\ate«P."’ 

f. t'odrcUiluni Koxli. 

Assam, Khasi ik l.iishai hills, 
up to 4,000 It. 

Apr. June 

White. Iragrant-'.^ 


J. (li\fu‘ruiunt Wall. 

Sub lliiiialayaii tract Ironi 
Kashmir to Bhutan up to 
8.000 It. and Khasi & |ain- 
lia hills 

Apr. May 

White or tinged with 
pink, fragrant' 


J. tliver\ifttliuui Kohuski syn. 

/. hflt’r<f/di\llum Koxh., imn 
.Moeneh 

Nepal. N. Betigal. Assam 
hills, Khasi hills an«i 
Manipur 

Apr. May 

Yellttw, delightfiillv 

Ir.igrant'.'.' 

(!iiltivaled 

1. ilumicoluui W. W. .Smith 

N.'iga hills A: Manipur 


White insitle, deep n»se 
or crimson outside A 
Iragratil'* 


/. j tutu tills Linn. 



Bright yellow, scent les 

(!ultivated ; roots used 
as adulterant td Cel 
sell! ill in : dowers con 
lain mannose, jas 
miniite A syrin- 
gine 

/. iiltiiitlulosuiii Wall. ex. C. Don 

N. W. Himalayas, Nepal, 
Sikkim, Khasi, Aka A 
Ltishai hills 

July Aug. 

White, fragrant* 


f. Itimenlarium Roxb. syn. 
y. luiiiu ultiluiii Koxb. 

Aka, Naga. Khasi A jaiittia 
hills, up t<j 5,000 It. 

Apr. May 

White. \ery fragrant 

(!uliivaied : dowers 

used for scenting lea 
in (!hina'.‘''. ' 

J. laiirifoliutii Roxb. 

Assam, .\ka, Khasi A Liishai 
hills 

Mar. May 

Buds red. enrol l:i par- 
tially red, fainilv 
fragrant*''' 

('iiltivated' 

y. nervosum Lmir. svn. 

J. uiiusloiiiosiiiis Wall, ex IX!. 

Bliiiian, N. Bengal, Assam. 
Khasi A Lu.shai hills 

Jan. Apr. 

White, fragrant' * 


J. rii^itluin /enker, non T'liw. 

Deeean A (!aritatic, plains A 
hills up to 6.000 Ir. in 
western ghats 

Mar. Apr. 

White, very fr.igratit ' 

Cultivated : resembles 
Ciiris sv/ fill lid neri ia 

DC. 

/. sirii ium Haines 

Endemic to (!hota Nagptir 

May June 

Sweet scented'-' 


/. suhiri fill nerve Hhime 

N. Bengal, Assam A Khasi 
hills up to 5..S00 ft. 

.\pr. .Mav 

While, fragrant ' 


1. syrin^aefoUuin Wall, ex O. 
IXm 

Assam 

l>c. Apr. 

Faintly fragrant 

(.'iiltivated' •' 


' Kobiiski, /. /lr//o/r/ \rhor l*M2 13 , 145; MW, 20 , 40.L “ Fisrlu-r, ffiv. hoi. Suri‘. huliti^ I05S, 12 ( 2 ). I H). ‘FI. Ass.'iin. HI, 

225 -J4. 'Ilaiiics, IV, 525. " Moonrv, 85. “ Co<iki’, II, 115. • Fyson, I, 587. ' Firiningcr, 460 65. ''Hums iV Hiivis, 61, 

Sainp.son, Keiv Hull. Addl Scr., XII, 19.^6, 99. ” Web hut, II, 957. Finncmuri*. 689. "P.ury, I, 277. " Yoiiii^ktii, 659. 

‘■Encyclopaedia Hritannica, 1958, XII, 969. 
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(Kilt. & Basil, If. 1524 : Firmingcr, 46^^ ; Wchmer. 
n, 957 )- 

J. uutiifinrinn Lincll., a trailing deciduous shrub, 
native of China, is reported to have been tried in 
Indian gardens, hut without mucli success. It hears 
op|)osite trifoliolate leaves and solitary yellow flowers. 
Hie j)lant is considered to he diaphoretic. leaves and 
twigs contain tannin (0.47 anti 1.80% respectively): 
the twigs contain also a glucoside, syringin. jasmi- 
florine, mannose and a hitter substance, jasmipicrine 
(Bailey, 1947, H, 1718: Firininger, 462: Roi, 404: 
Chrw. Ahstr., 1942, 36 , 2438 : Wehmer, II, 957). 

y. odoratissimum Linn., an erect glabrous shrub 
native of Madeira and Canary Islands, with stiff, 
terete or slightly angular branches and yclUnv, fra- 
grant flowers is grown in some gardens in India. The 
plant is cultivated in Formosa for the flowers which 
are reported to he used for flavouring tea. The flowers 
retain, even when dry, their natural perfume which 
combines the fragrance of jasmine, jonquil and 
orange lilossoms. They yield on extraction a reddish 
brown absolute (o.i i6'V.) with the following constants: 
rf’"", 0.9309 : |<i]‘;' , 4-5.64": n,V’\ »-4^45 ‘’ » 

5.85 : sap. val., 92.25 : and ester val. after acetylation, 
186.20, The absolute contains linalool, t/-linalyl 
acetate, hen/yl alcohol, benzyl acetate, methyl 
anthranilate. indole and a ses(|uiter|X‘ne or diierpene 
alcohol; jasmone is absent (Cooke, II, 114: Naves 
^ Ma/uyer, 199-200: Poucher, II. 142: Parry. 

I. 276). 

Besides the species dealt with, a large number of 
species occur wild or are grown in gardens for their 
fragrant, white or yellow flowers. Many of them have 
been recorded from the suh-Himalayan tract extend- 
ing from Kumaon to Assam. Available information 
regarding their distribution in India is summarised 
in Table 5. 

Jasper — srr Quartz 

JATEORHIZA Miers (KJ niispermaccac) 

A small genus of scandent herbs or undershruhs 
distributed in tropical Africa. /. palvuita, the source 
of the ilrug Calimha, is reported to be cultivated 
in India : however, authentic information on its 
cultivation and on the use of the drug in Indian 
medicine is lacking. 

J. palmata (Lam.) Miers syn. /. adumha Miers : 
Cocculus palmatus DC. 

Kirt. & Basil, I, 98 : Bentley & Trimen, I, PI. 13. 


Hindi — Kalamh-ki-jar ; Tel. — Kahimha-vcrtt ; Tam. 
— Kalamba ver ; Oriya — Kolomho, 

Bon I BAY — Colo mbo, kala m b-kaclui ru 

A lofty dioecious twiner, indigenous to Mozam- 
bique in south-east tropical Africa. Rhizome short, 
rounded, irregular, giving off clusters of fusiform, 
succulent roots, up to 4 in. diam. : leaves alternate, 
palmately 3-7 lohed, up to 14 in. x 10 in., deeply 
cordate at the base: petioles long: flowers inconspi- 
cuous, in large drooping, axillary panicles : fruit a 
fleshy dru|x, ovoid. 

The roots constitute the drug Calumha, Columba 
or Col umbo, which is reported to he imported into 
India from Africa and also re-exported to FAirojie and 
America. In its native country, the roots and the rhi- 
zomes of the plant are dug out during dry weather : 
the rhizomes are rejected and the roots cut trans- 
versely or obliquely into slices and dried in the shade. 
The slices, which are brownish owing to adhering 
earth, constitute Natural Calumha, in which form it 
is usually exported. After washing and brushing, the 
drug is graded and marketed as Washetl Caluinba 
(U.S.D.. 1947. 203-«4). 

The commercial drug consists of yellowisli, irregii- 
larly circular, oval or ohrujiiely cut pieces of roots, 
up to 4 inches in diam. and 0.150.7 inch in thick- 
ness. They are depressed in the centre and covered 
with greyish brown longitudinally wrinkled bark. 
Compact, uniform and brightly coloured pieces, not 
damaged by worms, are [>referred. The drug has a 
short mealy fracture, slight musty oilour and a very 
bitter taste. The drug is often admixed with sliced 
rhizomes of tlie plant. It is adulterated with and 
sometimes substituted by pieces of the stems of 
Coscinimu fencstratum Colebr., Ceylon Calumba or 
Fal.se Cai.umra. According to the specifications, the 
drug should not contain more than 2',’.. foreign 
organic matter, c)% ash and 2% acid-insol ublc ash : 
it should yield not less than 12 per cent of alcohol 
(6o‘Y.) soluble extractive. It should be stored in a dry 
place (B.^*.C., 1949, 192-93 : Trease, 283 ; U.S.I)., 
1947. 203). 

The activity of the drug is attributed to the 
presence of alkaloidal and non-alkaloidal hitter 
principles. Three water-soluble cpiaternary alkaloids, 
namely pal marine, jatrorrhizine (jateorhizine) and 
columbamine, all related to herberine, are reported 
to I)c present in the drug : the first two liave been 
isolated in the form of their iodides (palmatinc 
iodide: C21Ha.jO1NI.2HaO: m.p., 241° decomp.; 
jatrorrhizine iodide: Ca.IL.OiNI.HoO ; m.p.. 


292 



JATROPHA 


210-12'’) and coliimbaiTiinc, in the form d/-tetrahydro- 
columbainine (CjjuHjsOjN ; m.p., 223-24°). The 

yield of alkaloids, in the form of crude iodides, is c. 
4.3% of which 2% is palmatinc iodide. On o-metbyla- 
lion, jatrorrhizine iodide yields palmatine iodide : 
mcthylation of tetrahydro-coliimbamine yields tetra- 
hydropalmatinc (Thorpe, H, 235 : Henry. 342). 

The alkaloids paralyse the central nervous system 
in frogs ; palmatine is effective in mammals also and 
excels morphine in respiratory toxicity, (k)lumba- 
mine and jatrorrhizine increase intestinal tonus. 'Fhe 
alkaloids lower the blood pressure when given intra- 
venously, palmatine being the most active (Henry, 
345 : U.S.n., 1947. 204). 

The non-alkaloidal bitter principles reported to be 
present in the drug are columbin ICo^Ha^O,., : m.p.. 
192-95° (decomp.)|, palinarin : m.p., 

256-60^) and chasmanihin (CjoILaO; : m.p.. 246°). 
Columbin which is the major component is intensely 
bitter and causes vomiting and diarrhoea. It is 
diterpenoid lactone ; zinc dust distillation gives 1,2, 
5-trimethyl‘naphthalene. Besides the bitter principles, 
the root contains starch (30 V«.)* mucilage, salts of 
calcium and p<^tassiuin, and silica. On distillation it 
yields 0.07-1.15% of a greenish volatile oil (b.p., 
165 68° ; d- '", 0.9558 ; 1.4755) containing thymol 

as one of the principal constituents, "fhe oil has the 
odour of fresh hay. Old roots are poor in oil (Allen, 
Vn, 303 : Cava ^ Soboczenski, /. Amcr, cliem, Soc., 
1956, 78 , 5317: U.S.l)., 1947, 204 ; Chcni, / 1 /;,s 7 r., 
1936, 30 , 5998 ; 1935, 29 , 4366 ; 1932, 26 , 1389). 

Calumba is a hitter tonic and stomachic : it is 
useful, especially with other tonics, cathartics and 
aromatics, in atonic dyspe[)sia, gastric irritability, 
diarrhoea, dy.sentery and vomiting attending on 
pregnancy. It is usually prescribed in the form of 
an infusion or tincture. It is free from tannic or 
gallic acid and is compatible with alkalies and iron 
salts. Powdered calumba has been employed in dre.ss- 
itig .sores (U.S.l)., 1947, « Bentley & Trimen, I, 13 ; 

B.P.C\, 1949, 193 : Dymock, Warden & Hooper, I, 48). 

Jat Fibre -sec Corchorus 

Jat, Tossa - see Corchorus 

Jat, White — sec Corchorus 

JATROPHA Linn. {Eu/yhorh iaccac) 

A large genus of berbs, shrubs and trees distributed 
in the tropical and sub tropical parts of the world, 
chiefly in Africa and America. About 9 species 


have been recorded in India : some of them are 
grown in gardens for their ornamental foliage and 
flowers. 

J. curcas Linn. Physu: Nur, Pi KtaNc; Nrr 

1 ). E. P., IV, «J4<; : C.P., 69<; ; El. Br. Ind., V, 383 : 
Kirt. & Basil. PI. ‘867B. 

Sans. — Kmianacranda, pnrvataranda ; Hinoi - 
Huffblicrcudu, janglutrandi, sufcdannid ; Bkn(;. — 
Ba^hhcrenda, craudagachh ; Mak. — Mogidicrcuda, 
rafui\erandi ; Gt:j. — Javudgota, rulaujoia ; Ti:i.. — 
Ncpidiimu, prddmirpaliuntt, adaviamidamu : Tam. — 
Kadaliinumakku, katlamanakku ; Kan. — Adtdidiar- 
alu, hcltad(d\(irtdu, marahandu, kaniocclii ; Mac. 

K a ttava nakka, ka dalava / ui k ka . 

Orissa — Jahttzigaha ; Assam — Ihnjgfilihhoiarn ,* 

Caro Hili.s — Horbandong. 

A large shruh, 3-4 m. high, native of tro|)ical 
America, occurring almost throughout India and in 
Andaman Islands. Leaves alternate, 10-15 cm. x 7.5 
12.5 cm., broadly ovate, cordate, acute, usually 
palmaiely 3 or 5‘lobed, glabrous : flowers in loose 
panicles of cymes, yellowish green, c. 7 mm. 
across : fruits c. 2.5 cm. long, ovoid, blat k, breaking 
into three 2-valvctl cocci : seeds ovoid-oblong, dull 
brownish black. 

The plant is reported to have been introduced into 
Asia and Africa by the Portuguese as an oil-yielding 
plant. It is cultivated to a certain extent as an oil 
seed cro|) in Cape Verde Islands : a yield of 35(v- 
i.cKX) 11 ). of seeds |x*r acre has been reported. In 
Madagascar and j)arrs of Erench West Africa, where 
the plant is grown as a support for the vanilla plant, 
the .seeds are collected and exported to Erance for 
the extraction of oil (Burkill, 11 , 1268 : Juillet ci (d., 
354 )- 

/, curcas is found in India in a semi-wild condition 
in the vicinity of villages. It is propagated easily bv 
seeds or cuttings ; it grows rapidly, is hardy to ilrv 
weather conditions and is not brow.sed by goats or 
cattle : it can be cut or lopped at any desired height 
and is well adapted for hedges. It flowers in hot and 
rainy seasons, and .sets fruit in winter when it is 
leafless I Burkill, 11 , 1268; Samj>son, Kew Bull. AddI 
Scr., XII, 1936, im : Nicholls & Holland. 580: 
Farmer, 1955. 6(12), 8 ; Benthall. 373]. 

The .seed resembles castorsecd in shape, but is 
smaller in size (wt., o. 5-0.7 g. ; length. 1-2 cm.) 
and of dark brown colour. Analysis of the .seed gave 
the following values: moisture, 6.62; protein, 18.2 ; 
fat, 38.0 : carbohydrates, 17.98 : fibre, 15.50 : and ash. 
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4.^0% : siarch, sucrose, dexirosc, gluten, a free acid 
and an active lipase are present (Williams. K.A., 336 : 
U.S.l).. 1955, 1593: Chem. zf/n/r.. 1953. 47 , 10174: 
Well me r. if, 68S). 

'I'he seeds possess |>oison()us and purgative proper- 
ties : they are rarely used as purgative. Three to live 
seeds, slightly roasted and decorticated, are suHicieiit 
for active catharsis : they seldom produce nausea and 
vomiting, hut cause a sense of burning in the 
stomach. They contain two toxic principles, curcine 
or (urcasin. a toxaihumin resemhling ricine, and a 
resinous substance (possibly resinolipoid) with 
nauseating and purgative action : electron microscope 
studies suggest that curcine consists of two compo- 
nents. The seeds are considered anthelmintic in 
Hrazil. They are ground with palm oil and u.sed as rat 
poison in (Gallon. In 'I'ravancore, the seeds are fried, 
powdered and taken with nudasses for stomach ache 
and as antidote for poisoning (U.S.D.. 1955, 1593 ; 
Tschirch & Stock, II. 1774 : Tumminkati vt J. 
ihiiv. Iinmb(iy\ 1945, M • A/>.s 7 r.. 1957. 51 , 

[6632 : Cains, J. Bomha\ mU. Hist. Soc., 1938 39, 
40 , 294 : Dalziel, 148 : Rama Rao, 364). 

The kernel forms 60-68% of the weight of seed and 
yields an oil (46 58';n of kernel wt. ; 30 40**,, of seed 
wt.) which when fresh is practically colourless and 
odoiirle.ss : on standing the oil aetjuires a pale yellow 
or yellowish brown colour and a disagreealde odour. 
The oil is obtained from decorticated seeds by expres- 
sion or solvent extraction and is known in the trade 
as (hircas Oil. It has the following range of cons- 
tants: .sp. gr. 0.918-0.923 : . 1,462-1,465 : acid 

val., 1-20: sap. val., 188-196 ; iod. val., 93 -107: 
hydnixyl val., 4-20 : R. M. val., 0.2-1. i : Polenske val., 
0,4 -0.9 ; . 7.1 cen ti puses ; and unsapon. matter. 

0.4 1.1%. The fatty acid composition of the oil is as 
follows: myristic, 0 0.5: palmitic, 12-17: stearic, 
5 6 : arachidic, 0-0.3 • linoleic acid, 

19-40V... The values reported for oil extracted from 
Malabar seeds are as follows : \ 0.9849 : 1.4669 : 

acid val., 26.27 : sap. val., 196.1 : iod. val., 90.84 ; and 
unsapon. matter, o.2‘\,. The fatty acid composition is 
as follows: myristic, 1.37: palmitic. 15.61; stearic, 
9.69 : arachidic, 0.35 : oleic, 40.9 : and linoleic, 32.08% 
(Thorpe, TTl, 460 : Eckey, 583 : Kartha & Menon, 
l^roc. Indian Acad. Sci., 1943. 18 A, 160). 

Curcas oil (purging dose, o. 3-0.6 cc. or 5-10 minim.s) 
differs from castor oil in that it has a low viscosity, 
is slightly soluble in alcohol hut freely miscible with 
light petroleum, and is optically inactive. The poison- 
ous principle appears to exist in the alcohol-soluble 


fraction, which on saponification yields fatty acids, a 
phytosterol anti a resin, devoid of any toxicity when 
examined separately (U.S.D., 1955, 1593 : Thor|ie, III, 
460 : T.schirch & Stock, TI. 1773). 

The oil is semi-drying and may he employed for the 
preparation of non- or semi-drying alkyds. In China, 
a varnish is prepared by boiling the oil with iron 
oxide. The oil is used as an illuminant : it burns with- 
out emitting smoke. It can be used also as a lubri- 
cant and for making soaps and cantlles. It is used in 
wool-spinning in England. In Senegal, it is said to 
have been used as an adulterant of groundnut oil. It 
is used as an external application for skin diseases and 
rheumatism : it is reported to be abortifacient and 
also efficacious in dropsy, sciatica and paralysis. In 
Java, the oil is applied to hair as growth stimidant. 
It is also used as an application for sores on domestic 
stock (Chatlield, 87 : Burkill, II, 1269 : Dalziel. 147 : 
Quisumbing, 516 : Cains, loc. cit.). 

The seed cake contains toxic principles and is unfit 
for use as cattle feed. It is rich in nitrogen and phos- 
phorus (N, 3.2 : 1 \,(),. 1.4 : and K/), 1.2V..) and can 
be used as manure. The cake protein may be 
employed as a raw material for plastics and synthetic 
fibres (Eckey, 584: Bull. imp. Inst., I .and., 1921, 19 , 
288 ; Vyas & Desai, /. Indian chem. Soc. indnslr, 
Edn, 1952, 15 , 68). 

All parts of the plant exude a sticky, o|)alescent. 
acrid and astringent latex, containing resinous subs- 
tances (14.6",, in the latex coagulum) but no rubber, 
'fhe latex dries to a bright reddish brown, brittle 
substance, resembling shellac ; it stains linen indeli- 
bly and can be usetl as marking ink. The bark con- 
tains tannin (37'/.), dry basi.s) : it also contains wax, 
resin, saponins, retiucing sugars and traces of a vola- 
tile oil. The wax consists of a mixture of inelissyl 
alcohol and inelissyl melissaie. The bark yields a dark 
blue dye reported to be used in the Philippines for 
colouring cloth, fishing nets and lines. A dye may 
be extracted also from the leaves and tender stems, 
and concentrated to a yellowish syrup or dried to a 
blackish brown lumpy mass : the dye imparts to 
cotton different shades of tan and brown which are 
fairly fast (Webb, Bull. Conn. sci. industr. Res. Aust.. 
No. 232, 1948, 56 : Budhiraja & Beri, Indian For. 
Leaf!., No. 70, 1944. 11 ; Dalziel, 147 : Howes, 1953. 
280; Quisumbing, 513: Villadolid & Sulit, Philipp. 
A^ric., 1932-33, 21 , 33 : Aide et a!., Philipp. J. Sci.. 
*947* 77 , 55). 

Tender twigs of the plant are used for cleaning 
teeth ; the juice is reported to relieve toothache and 
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strcngllicii gums. Young l)raiu:lios and leaves are used 
as inaiiure for coconut trees. In Java and Malaya, 
lender leaves are reported to he eaten after cooking. 
In Assam, leaves are used as feed for the eri silk 
worm (Burkill, II, 1270). 

'rhe juice of the plant is used as a purgative and 
haemostatic in Java ; it is used for stupefying tish in 
the Philippines. The leaves are considered ruhefacient 
and lactagogue : they are also reported to have 
insecticidal properties. In Ghana, the leaves are used 
for fumigating houses against hed-hugs. 'Fhe leaf 
juice is used as an external application for piles : it 
is applied for inflammations of the tongue in hahies. 
'The twig sap is considered styptic and used for dress- 
ing wounds aiul ulcers : an emulsion of the sap with 
henzyl henzoate is said to he effective against scabies, 
wet eczema and dermatitis. A decoction of leaves and 
roots is given for diarrh<K'a. The root is reported to 
contain a yellow' oil with strong anthelmintic action. 
The root hark is used in external applications for 
sores. In Konkan. the hark is ruhhed with asafoetitla 
and huttermilk and ilie paste given in cases of 
dyspe|>sia and diarrhoea. A decoction of the hark is 
given for rheumatism and leprosy (Chau, Ahstr., 
1941, 35 , 6854: Burkill. II. 1269-70 : Kirt. Basu. 
III. 2245; Cains, loc. cit. : Rama Rao, 364; Brown, 
1941, II, 1270: Neal, 449: Dalziel, 147-4S : Fox, 
Pfnlipfiinv /. Svi., 1952, 81, 210: Quisumhing, 515: 
Vyas & Desai, loc. cit. : Client. Ahsir., 1930, 24 , 684). 

J. glandulifera Roxh. 

D.K.P.. IV, 548: C.P.. 700 ; FI. Br. Ind.. V. 382; 
Kirt. cV Basu, PI. 866A. 

Hindi — Jfin^licraudi, inulnrhihi ; Mak. — ftnigi'wr- 
iindi : Tkl. — Dundi^apn ; 'I’am. Adalai. eliyanui- 
nakku, pidiyanianakku : K.\s. -Tat laifidfi : Mai.. — 
At(d(i, nakadanti. 

An evergreen shruh with stoiir hranches and a 
smooth papery hark, found in the hlack cotton soils 
of Deccan and Carnatic, from Krishna river south- 
wards, |)articularly near the .sea coast. Leaves simple, 
glahroiis, 6.3 12.5 cm. long and ecpially hroad, pal- 
mately 3-5 lohed helovv the middle: lohes ohovale 
or elliptic, acuminate, margin .serrate : flowers green- 
ish yellow, in glandular corymhose cymes : capsules 
up to 1.3 cm. long, ellipsoid-ohlong, slightly 3 lohed : 
seeds ellipsoid-ohlong, c. 8 mm. long, smooth, shining 
and hlack. 

This plant is much restricted in disirihution and is 
often confused with /. gossypifolia, which is a more 
common plant ; it is distinguished from the latter hy 


the serrate gland-tip|)ed leaves, long hranched gland- 
tip|K\i stipules and greenish yellow' flowers (Tadulin- 
gam & Venkatanarayana, 304 : Cooke, II, 597). 

The seeds contain a fixed oil (20 22'.*;,), tannin, 
glucose, polysachharides and a resinous suhstance. 
The oil is hrowni.sh yellow' in colour and has the 
following constants: sp. gr."" . 0.9066: nj'" , 1.477: 

sap. val., 195.2 : acet. val.. 16.8 : iod. val. (Wijs), 1 17.8 : 
acid val. (as oleic acid). 5.6 : R. M. val., 1.65 : Polenskc 
val., 0.88: and unsapon. matter, 1.75" .. Sitosterol is 
|)resent in the unsaponifiahle fraction. The fatty acids 
pre.sent are: myristic. 2.34: palmitic. 14.5: stearic, 
5.97 : oleic, 34.19 : and linoleic, 43.0".. (Alimchandani 
c/ al., J. Indian chcni. Soc., 1949. 26 , 523 : Sheth & 
De.sai, ihid.. 1954, 31 , 407). 

1'he oil posse.s.ses purgative pro|>crties. hut is seldom 
u.sed as a purgative. It is applied externally in rheuma- 
tism and paralytic affections. In comhination with 
castor or coconut oil, it may he used for ctild saponi- 
fication : the mixed oil .soap obtained possesses good 
lathering properties. I'he protein extracted from the 
oilcake may he utilised as a raw material for plastics 
and .synthetic fibres (Sheth Desai. /. Indian chnn. 
Soc. ind n sir. Edn, 1954. 17, 197). 

I'he hark cont.'uns glucose, myricyl alcolu)! and an 
oil containing myristic, stearic and probably peirose- 
lenic acid : a crystalline suhstance (m.p.. 83 86 ') has 
been isolated. A(|ueous extracts of the fresh hark sap 
pos.se.ss emulsifying and gel-forming properties : the 
gel obtained with henzyl henzoate may he used as ati 
application for skiti di.sea.ses. The root is pounded with 
water and given to children suffering from abdomi- 
nal enlargements ; it causes purging and reduces 
glandular swellings (Sheth tV Desai. .Set. (Udl.. 
1954-55. 20 , 243 : y. Indian chcni. Soi . indnstr. 
Edn, 1954. 17, 197). 

J. gossypifolia Linti. 

FI. Br. Ind., V. 383 : Bor Rai/ada. 175. 

Hindi — Bhcrcnda. verenda ; Bknc;. Lalhhcicnda ; 
Tv.\..--Ncl(h(nnida ; Tam. — Alalai. 

A.s.sam Bliotcra. 

A bushy gregarious shruh, 0.9 1.8 m. in heiglit, 
native of Brazil, hut naturalised almost throughout 
India. Leaves palmately 3-5 lohed, c. 20 cm. long and 
eipially w'ide. at first brown, shining, later turning 
green : margins of leaves, jietiole and leaf blade 
covered with glandular hairs : flowers dark red. crim- 
son or purplish, in glandular corymbose cymes ; cap- 
sules, c. 9 mm. long, 3-lohed. truncate at both ends : 
.seeds greyi.sh red with a caruncle. 
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riG. 153 . JATROPHA GOSSYPIFOLIA-FLOWERING BRANCH 


/. ifossyfyilolia is cultivated in gardens for orna- 
nient ; it occurs gregariously as an escape in waste 
areas. The plant is easily raised from seeds ; it flowers 
and fruits during the rainy season (Talbot, IF, 468 : 
Kl. Madras, M40 ; Haines, II, 101 ; Bor & Raizada, 
176). 

'rhe dried stem hark of (he plant contains an 
intensely hitter amorphous alkaloid, jatrophine 
(C,,Ho„ 0 ,.N : yield, 0.4%), wliicli is similar to (piinine 
ill properties : rhe toxic dose for guinea pigs, when 
injected suh-cutaneously, is 0.2 g./kg. body weight. 
The hark contains also resins, isophytosterol (0.35?^,) 
and tannin. The latex (total solids, 13.38V") i'^ poison- 
ous and contains 2.5V" alcohol-soluble matter (Villalha, 
/. Soc. cUn}}. hid., FmiuL, 1927, 46, 396 T ,* Wehmer, 
11 , 6S9 ; Viswa Nath, ]. sci. vidustr. Res., 1942-43, 1 , 
374 : Wehh, Bull. Conn. sci. industr. Res. Aiisl., 
No. 232. 1948, 56). 

The ether extract of the shoots shows antibiotic acti- 
vity against St(iph\l(Koccns aureus and Escherichia 
colt. A(|ueous extract of the plant po.ssesses insecti- 
cidal jiroperties. Tender leaves contain a pentfise 
glycoside of cyanidin (Joshi & Magar, J. sci. industr. 
Res., 1952, IIB, 261 ; Chem. Ah.str., 1950, 44, 783; 
Ponniah & Seshadri, J. .sci. industr. Res., 1953, 
12B, rx)8). 

The roots are employed in Venezuela against 
leprosy ; they are also reported to he used as an anti- 
dote for snake bite. The plant is used by Miindas 
in urinary complaints. A decoction of the bark is 


used as an emmenagogue ; that of the leaves for 
stomach ache, venereal diseases and as blood purifier. 
The leaves are also applied to carbuncles, eczema and 
itches. The leaf juice is applied for sores on the ton- 
gues of babies, and a cataplasm of fresh leaves is 
applied to swollen mammae. They are used as a febri- 
fuge in intermittent fevers in Antilles. The latex is 
applied to ulcers. The seeds are eaten by doves and 
fowls. The seed oil is used in lamps and also for 
leprosy (Quisumbing, 517; Bor 6c Raizada, 176; 
Brcs.sers, 19; Kirt. & Basil, HI, 2247; 1 ^‘tlzicl, 148; 
Burkill, II, 1271). 

J. multifida Linn. Coral Plan f 

Kl. Br. Ind., V, 383. 

Sans. — Bhadradanti, hrihaddanti, jyolishka, vira- 
chani ; Mar. — Chiniyerandi ; Tam. — Kattuncrvalavi, 
malaiyamanakku ; Kan. — Vilayatiharalu. 

A large shrub or small tree, 2 3 m. high, natura- 
lised in various parts of India. leaves long-|K*iiolatc, 
7.5-12.5 cm. diam., palmatcly divided into 5-11 
lobes : lobes lanceolate-acute or elliptic-acute ; flowers 
coral-red, borne on many flowered, long-pedtinculate, 
flat-topped, terminal cymes ; capsules 3-k)bed, c. 2.5 
cm. long, obovate, smooth, yellowish. 

The plant is a native of S. America and is widely 
grown for its ornamental foliage and flowers. It is 
easily propagated by seetls or cuttings : flowers and 
fruits appear mainly during the rainy season (Bor ik 
Raizada, 177 ; Go[)alaswamiengar, 276). 

The plant is grown in hedges in Java and the 
Philippines. 71 ie tuberous roots are eaten after roast- 
ing. In Indo-China, a decoction of dried roots is given 
for indigestion anil colic, and also as a tonic. I'he 
fruit is |)oisonous and causes vomiting and intense 
burning pain in the ::omach ; lime juice and stimu- 
lants are administered as antidotes in cases of poison- 
ing. The seeds pos.sess properties akin to those of J. 
curcas anil contain a bitter principle (c. 1%) .soluble 
in water and ether. They contain a fixed oil (c. 30';..) 
used as an illuminant. The leaves are said to be cook- 
ed as vegetable in Mexico. Tender leaves are eaten in 
Costa Rica. The leaves are used also for scabies and 
as purgative. The latex of the plant is applied to 
wounds and ulcers. The whole plant is used as fish 
poison in the Philippines (Burkill, II, 1271 ; Nadkarni, 
1 , 708 ; Modi, 561 ; Quisumbing, 518 ; Dalziel, 148 ; 
Brown, 1941, II, 316: Bor & Raizada, 177 ; Kirt. tV 
Basu, III, 2243). 

The leaves of the plant contain a saponin, a resin 
and tannin. Saline anil ether extracts of the shoots 
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show aatibioiic activity against Eschcnchia colt. The 
latex troin the trunk contains a yellow-green volatile 
oil (c. 0.3V0 ; 0.8885) onion-odour and a 

taste, first cooling and then nauseating : its predomi- 
nant constituents are sestjiiirerpenes, a free acid 
(atigelic acid) atid probably hen/yl mustard oil. The 
oil possesses the property oi’ disintegrating lepromae 
(Wehmer. M. 687 : Joshi Ik Magar, J. sci. itidustr, Rcs.y 
1952, IIB9 261 : Clu’tti. Abstr., 1955. 29 , 7016), 

J. nana Dalz. ik Gibs. 

IV, (J49 : FI. Br. [ikI., V, ^82 : Kirt. vV Basil. 

FI. 867A. 

Mar . — Ki rk utuli. 

A small, sparingly hranchecl shrub, 50-45 cm, high 
loiind in stony and waste places near Foona ami 
Bombay, being apparently endemic to the Deccan. 
l-K.*aves entire or 5-lobed, 7.5-12.5 cm. long and about 
e(|ually broad ; flowers pedicellate, in few-flowered 
terminal paniculate cymes ; capsules c. i cm. long, 
obovoid-oblong, 3-lobed, Battened at the top. The 
plant flowers from May to July. The juice of the 


JOANNESIA 

plant is .said to be employed as a counter-irritant in 
ophthalmia. 

/. pandtmtcfolin Audi*. (Fiddlk-i.kan ko jArRopiiA) 
and /. podiifrrica Hook. (Gi^vik.mai.a Riicrakb, (iot) i y- 
.STKMMED Ja'iroimia) atc both natives of America. 

They are widely grown in Indian gardens for 
ornament. They are propagated by seeds (Bor & 
Rai/ada, 175-75 : f'irminger, 575 : Gopalaswamiengar, 

276). 

Jelletite — see Garnet 

Jelutong — see Dyera 

Jequirity — see Abrus 

Jersey Cudweed — see Gnaphalium 

Jerusalem Artichoke — see Helianthus 

Jew’s Mallow — see Corchorus 

Jimson Weed — see Datura 

JOANNESIA Veil. (Eup/wrhinceae) 

A small genus of trees native of Bra/il. One species 
is cultivated in Indian gardens. 

J. princeps Veil. 

Bailey, 1947, 11, 1720. 

A handsome, mediiim-si/ed tree with a spreatling 
crown and large tufted lea\es at the ends of coarse 
branches. The tree is cultivated in many tropical 
countries for ornament and for its timber and medi- 
cinal .seeds; in India, it is grown in gardens. Leaves 
alternate, liigitatcly 5-7 foliolate: leaflets ovate, 5 4 
in. long ; flowers in paniculate cymes, inconspicuous ; 
fruit large, 4-5 in. diam., coconm-like in form with 
large seeds containing agreeably flavoured kernels. 

The tree is hardy, hare of leaves only for a few days 
and is good for aventies. It is propagated from seed 
(Firminger. 574). 

The seeds contain a fixed oil (48 56V,. of the wt. of 
kernel) which can be obt;iined by cold expression or 
extraction with ether. The oil, which is pale yellow 
in colour, has the following c<»nstants: sp. gr.', ’ ^ 
0.925-0.926: 1.465-1.471: acid val., 0.5 25 ; 

sap. val., 189-207 : iod. val.. 116-145; hydroxyl val., 

6 9 : R.M. val., 1.2 : Folenske val., 0.5 : and unsapon. 
matter, 0.91.2';^. The fatty acid composition of the 
oil is as follows: myristic, 2.4; palmitic, 5.4 : oleic, 

45.8 : and linoleic, 46.4’;;,. Analysis of solvent-extract- 
ed meal gave the following values: moisture. 5.^: 
protein, 62.8 ; carbohydrate, 15.4 : crude fibre. 4.8 ; 
and ash, 11.7% (Fckey, 585-85: Jamieson, 256). 
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The oil is used as a purgative, particularly in veteri- sulphur-containing compoutids, an alcohol, and a 
nary practice. It is lour times as active as castor oil drastic vesicating resin (1.7-1 •957«>) (Freise, Pcrjiun, 
and has the advantage of possessing a somewhat csscut. Oil Rcc., 1935, 36, 219). 

agreeable odour, little or no taste aiul low viscosity. 'Fhe seeds arc purgative : they are also considered 
It is a setni-drying oil and may be used, after suitable anthelmintic. The fruit and the milky latex obtained 
treatment, in paints and varnishes. Treatment by incising the hark are used for stupefying fish, 
with lead and manganese resinates (Ph. 0.15% The wood is white or yellowish, coarse-textured, 
and Mn. 0.03")) at 1S5" for 5 hr. in an atmosphere light and soft. It is used as rough lutnher in Brazil 
of carbon dioxide, yields a product with satisfactory (U.S.l)., 1947. '493' Wehmer, 11, 1275: Record ^ 
lilm-forming properties; the film dries in 24 hr. I less, 161). 

and withstands weathering just as well as linseed oil Tears vcc Coix 

films. The oil may he used as fuel oil and also 

for the j)reparation of soap (U.S.l)., 1947, 1493: Grass .see Sorghum 

Kckey, 5H5 : Chem. Ahstr., 1944, 38, 1384: 1930, Johore Drug — .see Cephaclis 
24, 3667). 

'riie hark yields (2.o-3.8V(.) an essential oil of dark JUGLANS Linn. (Juf^landaccac) 
yellow colour with a strong odour of garlic and an A genus of trees distributed in North and South 
irritating and repulsive taste. It has the following America and from South Kiiropc to Last Asia. C"om- 
constants: , 0.9225 ; /ij'" , 1.5226: and +3 to monly knowai as Wai.nu is, .some of the species are 

1 4.5"^. The oil contains a free acid (3.5“o), eugenol extensively growm for timber and fruit. One species 
(0.55';.,). a terpene (i2.5?;»), ses(|uiterpenes (45.5%), occurs in India. 
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FIG. 155. JUGI ANS REGIA 


F.li.f., Dchra Dun. Pholo : A. L. 
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FIG. 1%. JIJGI.ANS PFGIA~NUTS AND KERNELS OF TWO VARIETIES 


J. regia Linn. Common Walm i', Persian Walni-t, 

Kr KOREAN Waia’I' r 

D.K.P.. IV. 549 : C.P., 7(x^ ; FI. Hr. ind., V, 595. 

Trade — / l/;//ro/, akrut, ukiwr, krot. 

A large, (iocidiioiis, monoecious tree with tomen- 
lo.se shoots, round throughoul ihc Himalayas 
and hills of As.sam at altitudes of 3,o<x> 1 1 ,f)oo ft. 
Bark grey, longitudinally lissured : leaves alternate, 
im|)ari|)innate. 6 15 in. long: leailets 5-13, sub- 
sessile, elliptic to oblong-lanceolate, 3 -S in. x 1.5-4 in., 
usually entire: (lowers small, yellow'isb green: male 
in pendulous slender catkins, 2-5 in. long, female in 
13 (lowered, terminal catkins; fruit a green drupe 
wiih leathery exocarp, indehiscent, ellipsoid-globose, 
c. 2 in. across: endocarp hard, woody, wrinkled, 2- 
valved, enclosing 4-lobed. corrugated, oily, edible seed. 
A number of varieties of /. rcgiV/, based on geographi- 
cal distribution and characters of the nut-shell (endo- 
carp), have been recognised. 

Common walnut occurs in natural (orests either 
in pure crops or in mixture with other broad-leaved 
species or conifers and often attains a height of 


8om(x) ft. and a girtb of 10-15 When 

grown as a fruit tree, it is trained to have a spreading 
crown and a comparaii\ely short bole. 

Under natural conditions, the fruits (all to the 
ground under and around the tree, the exocarp 
cracking and rotting o(f. 'rhe nuts, however, are 
subject to attack by birds, monkeys and rodents, 
and large (piantities of them are destroyed. A covei' 
ing of earth or debris over the nuts and .1 lair degree 
of w\armih and .soil moisture are necessarv Ibr 
germination. Natural reproduction takes place on 
gentle slopes with loose, but deep, (airly moist .soil : 
where boulders and rock fragments ;ire plentiful, 
they act as a protection to nuts, (iood crops of walnut 
are found on detrital accumulations (ormed bv the 
w'cathcring of clids or erosion of hillsides and on deep 
loo.se rubble on landslips in the open. Walnut is a 
light demander. though it stands slight shade in 
youth. It coppices wrll. 

Walnut |)lantatir)ns (or limher purposes may be 
raised by direct sowing or transplanting nursery seed- 
lings. In the (brmer case, the ttuts are sown at a 
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depth of i*. 2 in. For transplanting* nursery seedlings 
are raised in prepared beds of rich mould in warm 
situations. Nuts are usually sown in December- 
Fehruary in drills c. 9 in. apart, the distance between 
nuts being 3-4 in. The beds arc watered regularly till 
the rainy season. Seedlings may be transplanted in 
the following cold season after trimming the taproot 
if necessary. If larger seedlings are reejuired for trans- 
planting, the plants are pricked out with a spacing 
of 1-1.5 ft. and tended till the second winter. Plant- 
ing in the lield should he somewhat close in order 
10 prevent branching ; on gentle slopes or level 
ground, a spacing of 6 ft. xfi ft. is considered suit- 
able : on steeper slopes, the spacing allowed is 5 ft. 
in contour lines 8-9 ft. apart. 

Natural reproduction in the Himalayas cannot be 
relied upon for systematic silvicultural treatment. 
The only system which appears to be ap|>licable is 
that of clear felling with artificial reproduction. The 
wesiern regions of the Himalayas are well adapted 
for growing walnut in dense, pure, even-aged crops, 
and natural forests answering this description are 
occasionally met with. I'he trees are tall, straight and 
(lean-holed. The mean annual girth increments 
recorded in different parts of Himalayas vary from 

O. 42 to 1.92 in. ; the growth rate increases from the 
western to the eastern Himalayas, depending on the 
total rainfall (Troup, HI, 8( j 4-9< k ) ; Indian For,, 19^2. 
78 , 367). 

A number of fungal diseases have been reported 
on walnut. Fonics fotnentarins (Linn.) Fr., F. geo- 
Iropus Cke., F. rohmtus Karst., Polyporus picipes Fr.. 

P. squamosus (Huds.) Fr. and Stereurn faseiatum 
Schwein. cause white rot in wood. They usually 
affect felled timber and cut slumps : some of them, 
e.g. Fonies fomentarius and Polyporus sqttaniostis, 
occasionally affect living trees. The organisms enter 
the tree through wounds caused by excessive prun- 
ing, lopping or fire. Discontinuation of such practices 
affords j)roteciion. Felled timber can be protected by 
(|uick extraction from forests and storage under 
sanitary and hygienic conditions. Marsonia juglandis 
(lah.) Sacc., Microslroma juglandis (Bereng.) Sacc., 
Ph\llaclinia cor\lea (Pers.) Karst, and Tubercularis 
vulgaris Tode cause leaf spot in walnut. The disease 
is controlled by spraying Bordeaux mixture. Dusting 
with sulphur at the rate of 15 lb. per acre provides a 
preventive measure against powdery mildew {Phyllac- 
tinui eor\lea) | Information from F.R.T., Dehra Dun ; 
Vasudeva, Indian Fmg, N.S., 1956-57, 6 (7), 45]. 

Among the in.sect pests of walnut, two species of 


borers, Aeolc,sthes sarta Solsky and Ratocera horsfieldi 
Hope infest living trees and spoil the timber. As 
control measures, badly infested and killed trees 
should be felled and removed, and larvae destroyed 
by opening ejection holes and filling up galleries with 
tar or viscous oil. Freshly felled trees are liable to 
attack by several species of coleopterous borers which 
arc, however, of secondary importance. Walnut 
weevil, Alcides porreclirostris Mshll., which feeds on 
leaf huds, petioles, female floral huds and young 
fruits, causes great damage. Infested fruits turn black 
and drop to the ground, usually from April to 
August. Removal and destruction of fallen fruit and 
spraying of trees with copper sulphate-lime mixture 
(copper sulphate, 6 Ih. : lime, 18 Ih. ; and water, 
50 gal.), five or six limes during the season, aflbrds 
control I Information from F.R.I.. Dehra Dun : Horl. 
Abstr., Induiy 1951. I(i), io|. 


Wai.ni r Wood 

Walnut wood is greyish brown in colour, often 
figured or mottled with darker streaks ; sapwood 
broad, greyish white. The wood is moderately hard, 
strong, straight-grained, medium- and even-textured. 
Depending upon the variety from which it is 
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(lerivccl the wood varies in colour, markings, weight 
(28-46 Ih./cti. It.) and other mechanical properties. 

The wood seasons slowly and requires consider- 
able attention. Warping and surface cracking are 
negligible, but the wood shrinks while drying and. 
unle.ss care is taken, it is liable to develop fine deep 
splits. (Jreen conversion, followed by stacking under 
cover with good air circulation, has been recom- 
mended. Knd-painting of planks helps to reduce end- 
splits. Kiln-seasoning gives good results : planks of 
I in. thickness take 13-16 days to season : in addi- 
tion to the initial steaming, two intermediate and 
one final steaming at 55® for 2-4 hr. arc recommend- 
ed (Pearson & Brown, II, 951-55 : Trotter, 1944, 123- 
24 : Rehman, Induni For., 1953, 79 , 369). 

'J’he comparative suitahility of dillerent varieties 
of walnut wood as timber, expressetl as percentages 
of the same properties of teak, are as follows; wt.. 
80 90 ; strength as a beam, 70 80 ; stilTness as a 
beam, 70-90 : suitability as a post, 65 80 : shock- 
resisting ability, 90-115: retention of shape. 50-75: 
shear, 90-120: and hardness, 65 75. Walnut timber 
is durable under cover, but not so in exjxised situa- 
tions. It is not particularly resistant to white ant and 
fungus attack. Graveyard tests at Debra Dun indi- 
cated a (lurahility of about two years. It does not 
require any antiseptic treatment : a colourless pre- 
servative may be applied by l)rushing |Limaye, 
IiuImu For. Roc.. N.S., lUiL, 1944, 3(5), 18 : Pearson 
& Brown. II, 954 : Trotter, 1944, 123]. 

The wood is easy to saw and work. It is suitable 
for high speed machining and turning, and lends 
itself in a marked degree to carving. It finishes to a 
smooth shiny surface, takes a fine polish and needs 
very little lilling. 

Walnut is one of the best woods for furniture and 
carving, and beautiful walnut furniture made in 
Kashmir may be seen in many parts of the world. 
The itnportance of the wood, however, lies in its 
suitability for rifle parts and giinsiocks, and the 
Indian Ordnance De|>artment consumes the major 
portion of the output. Walnut wood gives extremely 
beautiful veneers and plywood, and is much esteemed 
for cabinet making, musical instruments, inlay and 
other ornamental work : wood with warts or burrs 
is especially valued, but the supply is limited. Walnut 
wood is also u.sed for ploughs, hand looms, shafts, 
lacquer work, frames, drawing instruments, fancy 
articles, bobbins, etc. It is employed for projtcller 
blades of aeroplanes (Pearson & Brown. IT, 955 : 
Trotter. 1944. *-4 • Howard, 627: Dastur, Useful 


Plant.s, 132 ; Induni For., 1952, 78 , 367 : Rehm;m. 
Indian For., 1953, 79 , 369). 

Analysis of wood (dried at iio®) gave the lollow- 
ing values: rosin and fat. 6.0: water-solubles. 6.5: 
methoxyl, 6.4 ; acetyl. 3.2 : lignin, 22.2 (methoxyl 
in lignin. 19.6) : }>cntosans, 19.5 : slightly soluble 
xylan, 8.3 : easily soluble xylan, 6.2 : and cellulose, 
48.4*0: calcium, oxalate is present (Cdn in. Ahslr., 
1938, 32 , 8772 : Wise Jahn, 1 . 650). 

Walnci I'ki'h 

Kashmir is the principal walnut growing State in 
India : the acreage under walnut in the State (c. 8 .oo:j 
acres) exceeds that uiuler any other fruit croj) except 
apple. It is estimated that some i,i4.(hk) trees are 
fouiul growing, scattered and in groves, in the State. 
Other walnut growing regions are the hilly areas ol 
Punjab, Himachal Pradesh and Uttar Pradesh, hut 
the (juality of produce from these regions is not 
usually as good as that from Kashmir. Since the 
trees are large and spreading. re(|uiring wide spacing 
(40-50 ft.), farmers are not enthusiastic about grow- 
ing walnut in cultivable areas. It is mostly grown in 
unreclaimed and \>t)or soil, on terraces or near dwel- 
lings. Kven in these situations they grow' fairly well 
and yield variable ([uantities of nuts over long 
periods. Walnut does not do well on the hills of 
South India (Information from the Indian Goun. 
agric. Res., New' Delhi: Hayes, 395). 

Climatv and soil Walnut re(|uires a climate free 
from frost in s|)ring and extreme heat in sumnter. A 
tein|>erainre of even below freezing |)oini 

kills your.g flow'ers : if the summers are hot (100 " \*. 
and above in shade and low humidity), the nuts gel 
sun-burnt and become ‘blanks'. Walnut thrives well 
in areas witli an annual rainfall f)f 30 in. or more. 
Other conditions being favourable, deficiency in rain 
fall can be made up by artificial irrigation. 

Tbc soil should he deep and well-drained : silt 
loam, 8-10 ft. deep, containing abundant organic 
matter gives the best results. 'Fhe soil should not 
have a fluctuating water level, hard |)an, sandy sub- 
s(»il or alkali. Trees growing on shallow' soil with 
low' moi.sture are more liable to sun burn than those 
grow'ing on deeji silt soil. 

Prolyaf'ation — The trees are usually raised from 
seedlings. In certain parts of Himachal Pradesh and 
Kulu valley, planting of walnut is considered inaus- 
picious ; even seedlings of selected trees are not 
planted. Only seedlings that come up in nature are 
allow'cd to grow and this has resulted in a 
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prcjionclcrancc of inferior or metiiocre type of trees. In 
Kashmir, planting of seedling walnuts is popular ; 
about io,(KX) trees are reported to he planted every 
year, out of which .some 6,(k)o survive. 

Nuts for raising seedling plants should be collected 
from vigorous aiul high-yielding trees. Desirable 
characters to look for in the selection of nuts arc the 
following: big si/e: bright brown shell of good 
cracking (piality : and bright yellow kernel with 
good taste and flavour. Nuts should he stored in a 
cool dry place or stratified after harvest till the 
following December. If the soil is ready for sowing, 
beds may l)e prepared and nuts sown c. 2 in. deep 
immediately after harvest in rows t ft. apart, the 
distance between sowings in the row being i ft. 
(kM'iuination starts in the beginning of March and 
seedlings are readv for transplanting in the second 
year. 

Walnut is propagated in other countries by vegeta- 
tive tnethods ; the methods in use are: whip graft- 
ing. cleft grafting, inlay hark grafting and patch 
hudditig in early spring. In Kavshmir, patch budding 
and crown grafting have been tried and found 
successful, hut these methods have not been adopted 
on any appreciable scale. 'Die itnprovement of walnut 
cultivation in India is dependent on the introduc- 
tioti of budded and grafted trees of gruul varieties. 
No systematic attempt appears to have been made 
so far to introduce these methods. 

(Uilinnil practu'cs — Walnut is usually grown under 
rain-fed conditions : only during the first dry .season 
after planting is water supplied to plants by growers. 
Jt has been found advantageous to irrigate the trees 
during dry weather. Irrigation helps growth and 
trees come into hearing early. Irrigation should he 
loniinued till the maturity of fruits as it reduces nut 
tall and tavours filling of nuts. If the trees are irri- 
gated one or two weeks before harvest, the husks 
are seen to open and remain on the trees, while clean 
nuts drop to the ground : harvesting is thereby 
facilitated. 

Walnut trees are seldom manured in India. On 
account of its dee|) root system, the trees forage 
over an extensive area and hear fairly good crops, 
'riie yields, however, are le.ss in comparison with 
those of manured trees : also, immanured trees tend 
to become alternate-hearing. It is a good practice to 
manure the trees every year and also apply nitro- 
genous and phosphatic fertilisers, the doses depend- 
ing upon the age. .size and hearing (ptality of trees, 
and on the fertility of soil. 


Practically no pruning is given to walnut trees. 
The trees shoidd he trained on a single stem up to 
a height of 3-4 ft. and scaffold branches should be 
retained at proper places. Any crossing or surplus 
branches and diseased and dry twigs should be 
removed every year. 

Walnut is .self-fertile, but pollination is not satis- 
factory in some varieties in certain years, because of 
the failure of pollen to mature at the time female 
flowers are receptive. 'Phe pollen is distributed by 
wind and may he carried up to a mile : the effective 
range is 2 oo- 3(K) ft. New plantations of walnuts, if 
located near existing bearing trees, will, therefore, 
start fruiting at an earlier age and yield greater 
(plant it ies of nuts than tho.se kuated far away from 
hearing trees. The pollen of any one variety is capable 
of fertilising its own pistils or the pistils of any other 
variety. (Jood and poor croi)s in Kashtnir are gener- 
ally associated witli prevailing weather conditions, 
especially at the time of flowering. 

Harvcslin^ and nidrkrtin ^ — Walnut fruits ripen in 
September October. The husks split at tlie time of 
maturity and the nuts which fall to the ground 
are collected. Nut-fall is hastened by shaking the 
branches with hand or with bamboo poles to the ends 
of which hooks are attached : shaking is repeated 
2 '3 times at intervals. After collection, nuts are 
cleaned, washed and dried by spreading on floor or 
canvas sheets. Nuts which fall to the ground with 
husks are generally of inferior grade : after remov- 
ing the husks, cleaning and drying, they are 
marketed separately. Before marketing, the nuts are 
graded according to size and colour. In some areas, 
nuts are bleached by dipping in a mixture of atpieous 
solution of chloride of lime and .sodium carbonate : 
the mixture is allowed to .settle and the clear .solutio'n 
used for dipping. Dilute chlorine solution may also 
be used for bleaching (Jacobs, II, 157S : von Loesecke. 
344 )- 

'Phe tree starts to hear crop at the age of 8 10 
years. 'PI:e yield of nuts varies according to the age, 
size and variety of tive. Outer branches produce the 
best fruit. A grown up tree of big size may yield 
4-5 md. of nuts. However, considering the on and off 
years and varying ages of trees, the average yield 
per tree may l)e taketi as one maund. The average 
annual income per tree in Kashmir is estimated at 
Rs. 20 : it is le.ss in other States. The hearing life of 
the tree is about too years. 

Walnuts are stored in gunny hags in ventilated 
rooms free from exce.ssive humidity. For export, they 
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arc packet! in eases lined with paper. Walniir kernels 
are also (iespatclied to far off places in boxes (Infor- 
mation from the Indian Conn, agric. Res., New 
Delhi). 

Deterioration of walnuts during harvesting, transit 
and storage is brought about by insects, fungi and 
moisture. Insect infestation occurs usually during the 
interval between harvesting and packing, and can 
be controlled by fumigation with methyl bromide, 
'fbe darkening of kernels is due to mould growth, 
the itifection occurring during the loosening of bulls 
from shells, which usually takes 10-28 days. Ethy- 
lene treatment at 21-32®. whereby the hulls are 
loosened in about 6<) hr., has been tried in California : 
the treatment does not affect the flavour or the keep- 
ing (piality of nuts (Bull, cent. Fd Iccliuol. Res. 
Inst., Mysore, 5 , 146 : F(K )(1 Sci. /l/;.s 7 r., 19^2, 

24 , 277 )-' 

I'nulc — Walnuts are collected from trees raised 
from seedlings and no named varieties exist, 
'rhe most esteemetl among cultivated varieties is 
Ku^lizi dkhrot, a large nut with easily breakable 
thin shell and whitish kernel of excellent taste and 
llavour. 

The annual production of walnuts in Kashmir is 
estimated at 57,000 maunds. 'Fhe major part of the 
production is sent to other parts of India or exported 
to outside countries, local consumption being mc»stly 
confined to imdersi/ed or otherwise rejected nuts. 
Considerable (|uantities of walnut are importe<l from 
West Pakistan. Afghanistan and Persia. 

"Pahle I gives the (piantitv and value of exports 
of walnut during 1953-54 to 1956 57. The demand 
from overseas markets, especially from U.S.A.. for 
walnut kernels, is reported to he on the increase, 
rhere is considerable scope for iiu leasing the export 
trade, provided proved varieties are cultivated and 
the produce from existing trees is properly graded 
(Information from the Indian Coun. agric. Res., 
New Delhi). 
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Hs. 

51 

90,2 IS 

1,22,71,19.4 

l‘^S4 55 

104.794 

1,10,75,000 

l*>55 .S6 

04,451 

95,92,72.4 

1950 57 

75,5.H 

90, 97, .SOI 


Couilmsitioii uud uses Walnut is esteetned as 
des.sert and dry fruit during winter, particularly 
in North India. It is also much prized in confec- 
tionery and ice creams. 

'fhe edible kernel cotistitutes about half the weight 
«»I the whole nut. C'.alifornian kernels contain: mois- 
ture, 2.5 : protein. 14.3 -20.4 : fat, 60-67 : N-free extr.. 
14.5-19.1 : fibre, i. 4-3.2 : and ash. i.2-i.6'\,. Ana- 
lysis of Indian kernels gave the following values: 
moisture, 4.5: protein, 15.6: ether extr., 64.5; 
carbohydrates, ii.o: fibre. 2.6: and mineral matter, 
i.8'*m. The following mineral elements are reported to 
he present : sodium, 2.7 : potassium, 687 ; calcium, 
61 : magnesium. 131 : iron. 2.35 : co|)i)er. 0.31 : 
|)hosphorus. 510 ; sulphur. 104 : and chlorine, 
23 nig./i<x) g. : iodine (2.8 //g./ mk) g.). arsenic, 
zinc, cobalt and manganese. About 42".. of the 
total phos|)horus is in the form of phvtii’ aciil : 
lecithin is also present (Thorpe. XI, S83 : illth Bull., 
No. 23, 1951. 42 : McCance A: Widdowson, 83. 14S : 
W'inton Winton, I. 396 ; Iodine C^)ntent of f oods, 
103 : Young. Sci. Progr.. 1956, 44 , 21). 

A glohulin, juglansin, has been isolated from the 
edible kernel. The nitrogen distribution of the 
glohulin (total N. 18.84",,) is as follows: basic 
(diamino) N. 5.41 : non-hasic (monoamino) N. 11.51 : 
humin N, 0.15: and amide N, 1.78. The glohulin 
contains cystine (2.18".,) and tryptophane (2.84"..) 
(Winton Winton, I, 395). 

Vitamins of the B grouj) re|)orted to he present in 
the kernel are: thiamine. 0.330.40: rihofla\in. 
o.io 0.16: nicotinu acid. 0.58 (\8i : pantothenic acid. 
0.490.98; folic acid, 0.13 0.23: and vitamin B,.. 
0,87 1,05 mg./ 100 g. : biotin, 2 gg., kk) g. The kernel 
contains also vitamin A (30 i.u./ 100 g.) and ascorbic 
acid (3 mg./ 100 g.). Only small |>ercentages of thia- 
mine, riboflavin and nicotinic acid are lost as a result 
of storing the kernels (Jentsch Morgan. Food Res., 
1949. 14 , 40: 1953. 47 , 5575; Fotfd Sei. Ahstr., 1954, 
26 , 457: 1950, 22 , 210; Watt Merrill. /Igm. 
Ilandh. (\S. ih’l). /IgnV., No. 8, 1951, 50). 

'I’he immature fruit is one of the richest sources 
of ascorbic acid. 'I'he maximum concentration of 
ascorbic acid (2-2.5",. fresh wt., 16-20",, on drv 
wi.) is reached just hefore the shell hardens. 'The 
distribution of ascorbic acid in fresh immature fruits 
from Kashmir is as follows: whole fruit, 1470: skin. 
ick;o : and pulp. 2330 mg./ 100 g. Pic kles, mar- 
malades, chutneys, press juice, and syrups rich in 
ascorbic acid can lie prepared from immature fruits. 
The concentration of the acid, however, falls rapidly 
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during sloragc unless prc-trcalcd with sulphur 
dioxide. Ihess juice and dehydrated products pre- 
[)ared froin the iiuniature fruit are bitter (Klose 
cl i/I., hidnstr. (’/icu/., 1950, 42, 387 ; Pyke 

ct dl.. Nature, l.omL, 1942, 150, 267 ; Ranganathan, 
ludimi J. mcd. Res., 1942. 30, 513 ; Chem. Abstr., 
1939, 33, 1405 ; 1946, 40, 4.0). 

(been hulls separated from mature walnuts con- 
tain 0.4-0.8V1. of ascorbic acid *(2.5-5.o% on dry wt.). 
A process has heeti develojx'd for the recovery (up to 
25 50%) of the ascorbic acid present ; it involves the 
following steps: extraction of material with water 
containing sulphur dioxide, purification of extract 
with anion-exchange resins, and crystallization. The 
ascorbic acid present in hulls is rapidly destroyed at 
room temperature, more than 6o/,i being lost within 
S hr. 'rhe hulls may he preserved in an atjueous 
solution of sulphur dioxide without loss of the 

vitamin for 5 months at room lein|x*raliirc ; in the 
frozen state (o"K.), the acid is stable for i year or 
more (Klose ct aL, hx:. cit.). 

Unripe fruit and other parts of the plant contain 
a substance which reduces indophenol dye. but does 
not possess antiscorbutic activity ; this substance 
has been identified as a-hydrojuglone gliicoside 
(C,„ll,^O.s) which on hydrolysis yields glucose and 
M-hydrojuglone (i, 4, 5-trihydroxynaphthalenc) : the 
latter on oxidation yields juglone 5* 

hydroxy i,4-naphtho(|uinone ; m.p., 153*54°). The 
gliicoside forms up to 157;, of the total indophenol 
dye reducing material in immature walnuts or 
mature hulls : its concentration is particularly high 
in very young fruits and in resting buds and catkins. 
Another reducing substance, probably a llavanonc, 
has been reported to be present in the leaves (Melville 
ct id.. Nature, Loud., 1943. 152, 447 : Uaglish 
Wokes, ibid., 1948, 162, 179; Klose ct al., Plant 
Physiol., 1948, 23, 133 ; Wokes Melville, Biochcni. 

1949, 45, 343 ; Daglish, ibid., 1950, 47, 452, 458, 
462). 

Walnut oil — 'rhe kernels yield 60-70% of a 
drying oil, known in the trade as Walnut Oil. The 
oil is pale greenish yellow or almost colourless with 
a pleasant odour and a nutty flavour, ft has 
the following range of constants: sp. gr.rli;., 0.921- 
0.924 : , 1.469-1.471 : iod. val., 138-152 : sap. val., 

1 90- 197 : solidification pt., - 12 to —20° ; titre, 
14-16°. The fatty acids present are: palmitic, 3-7; 
stearic, c).5-3 : oleic, 9-30 : linoleic, 57-76 : and 
linolenic, 2 -i6Vm (Jamieson, 332 ; Williams, K. A., 
277-78 ; Kckey, 379). 


Walnut oil is used for edible purposes ; small 
(|uantities are used for artists’ oil colours, printing 
inks, varnishes and for making soap. The oil dries 
rather slowly ; heat treatment improves the drying 
properties. The varnish prepared from the oil is pale, 
non-yellowing and less liable to crack than linseed 
oil varnish. I'he supply of oil is limited owing to the 
demand for kernels. In U.S.A., walnut oil is expressed 
from waste meats from shelling plants and occasion- 
ally from surplus nuts. The oil is sometimes 
adulterated with poppyseed and lin.seed oils (Hill, 
196; Kckey, 379: Jordan ct al., 73: Allen, IT, 216, 
218). 

The oilcake is rich in proteins and is used as cattle 
feed. Its composition and nutritive value are as 
follow's: dt*y matter, 86.6: protein, 35.0; fatty oil, 
12.2 ; carbohydrates, 27.6 ; fibre, 6.7 ; and a.sh, 5.1% ; 
digestible nutrients — crude j)rotcin, 31.5 ; fatty oil, 

1 1.6: carbohydrates, 23.5: and fibre, nutritive 

ratio, 1.7 : and starch e([uivalent, 78.5 (Williams, 
K.A., 278 : Woodman, Bull. Minist. /IgnV., Loud., 
No. 124. 1945, >4)- 

Walnut shells — Analysis of walnut shells gave the 
following values: dry matter, 92.3: protein, 1.7; 
fatty oil, 0.7; carbohydrates, 31.9: fibre, 56.6; and 
ash, 1.4% (Woodman, Bull. Minist. AgnV., Ijmd., 
No. 124, 1945, 21). 

Walnut shell flour is used as a filler in moulded 
plastics : it can he used up to 40% as an extender in 
resin adhesives. Shell flour contains cellulose, lignin 
(28%), furfural (5%), pentosans (9'V)), methylhydroxyl- 
amine (6%), sugar, and starch (2.5%). Shells may he 
used as an antiskid agent for car and tractor tyres, 
as blasting grit for loosening coatings and deposits 
on metals, and in rhe preparation of activated car- 
bon (Brady, 767 : Citcni. Abstr., 1953. 

2676 : 1954, 48, 6101 ; Sci. Nezvs Lett., Wash., 1953, 
55)- 

Leaves — Fresh leaves, like unripe fruit, are rich in 
ascorbic a. id (8 (M)-i,3(k) mg. / kx) g. green wt.). Leaves 
may be preserved by exposing them to sulphur 
dioxide gas and then rapidly drying at 100-1 10° : 
treated leaves may be pressed or extracted with water 
to obtain concentrates of ascorbic acid (recovery, 
8€>-93%). The leaves are also rich in carotene (30 mg./ 
too g. green wt.). Concentrates of carotene may be 
prepared from fumigated leaves {Chem. Abstr., 1946, 
40, 3231). 

On steam-distillation, the leaves yield an olive 
brown volatile oil, with an odour reminiscent of tea 
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and ainhcr. Oils distilled froiii fresh leaves, from 
(jcrmany (yield, 0.012-0.029%), had the following 
ranges of constants: 0.9037-0.9137; [a]„, nil; 

acid val., 9.3-16.8 ; ester val., 18.4-27.0 ; soluble in 
alcohol (90%) with separation of a paraffin (in.p., 
61-62°); the parailin separates out also on cooling 
the oil. The constants of the oil examined in France 
(yield, 0.0087%) were as follows: 0.9185; [aj^, 

-17.0° ; /r ’ , 1.4922 ; and ester val. after acetylation, 
98.5 (I'innemore, 205 ; (jildeineister & Hoffmann, If, 

yiY 

A(|ueous extracts of fresh leaves, free of juglone, 
possess strong bactericidal action against Bacillus 
autliracis and Coryncbactcrium (Hl)/iilicriac ; it is 
tveakly active against Vibrio comma, Bacillus sub^ 
iilis, Pneumococci, Streptococci, Micnycoccus pyoge7is 
var. aureus, Proteus, Escherichia coli, Sahnotiella 
typhosa, S. lyphimurium and S. dysetiteriae. The 
extracts are not toxic to mice [Chem. Abslr., 1955, 
49, 14095). 

'Fwigs and leaves of walnut are lopped for fodder. 
'File leaves contain (moisture-free basis): N, 3.22; 
and ash. 11.97% (George Kohli. Indian For., 1997, 
83, 287). 

Green w'alnut hulls, shells, hark and leaves are 
used for dyeing and tanning. 'Fhey contain tannin 
(hulls, 12.23 » bark, 7.91 ; mature leaf blades, 9-1170) 
and juglone. 'Fhe bark is sold in bazaars under the 
name Dundasa and is used for cleaning teeth or for 
chewing to redden the lips. Green walnut shells have 
been used as liair dye in the form of an oily extract 
or alcoht)lic extract mordanted with alum. Juglone 
imparts a brownish yelloNV colour on mordanted wool 
and a rose tint on mordanted cotton. ’^I'he colours are 
inferi<ir to synthetic dyes in fastness, partictdarly 
against light ((. 7 /co/. / 1 //.s 7 r., 1941, 35, 42(k; : 1944, 38, 
3844: 1954, 48, I i(K)o : Puran Singh, hidian For,, 
1918, 44, 339; Howes, 1993. 280; Poucher, 111, 82; 
Mayer & Cook, 105). 

Walnut leaves arc astringent, tonic and anthel- 
mintic. The leaves and hark are alterative and deter- 
gent : lliey arc used in herpes, eczema, scrofula and 
syphilis ; the fruit is re|>orted to be used as altera- 
live in rheumatism. The vinegar of pickled young 
fruit is used as gargle for sore throat. Green hull 
and unripe shell are anti-syphilitic and vermifugal. 
Fhc expressed oil of the fruit is considerctl useful 
against tapeworm and as a laxative injection, in 
Malaya, kernels are recoininendcfl in colic and 
dysentery. The rind of the unripe fruit is used as 
lish poison (Kirt. & Jlasu, 111 , 234S ; U.S.l)., 1955, 


1728 ; Chopra el ai, ]. Bombay nal. Hist. Soc,, 
1940-41, 42, 854). 

Jujube — see Zizyphus 

JUNCELLUS (Jriseh. (Cyperaceae) 

FI. Br. Ind., VI, 594 ; Kirt. < 1 ^ Basil, PI. 1009A. 

A small genus of perennial, till ted herbs lound in 
the warm and temperate regions of the world. Six 
species are recorded in India. 

7. inundatus C.\i. Clarke =^(.'v/>c/'//.s serotinus Rotih. 
var. inundatus (Roxb.) Kukenthal (Hindi & Bkno. 
Pati) is a stout rhizomatous herb, 1-3 ft. high, with 
stem tricjiietrous at the top and long leaves, toiind in 
swampy situations in Bihar, West Bengal and Siindar- 
bans. The tul)ers are considered tonic and stimulant 
(Kirt. Basil, IV, 2636). 

JUNCUS Linn. (Jujicaceae) 

A large genus of perennial, rarely annual, herbs 
constituting the Rushes, distrihuted in ;i retie, 
temperate and, occasionally, tropical regions. About 
30 species are recorded in India. 

J. effusus Linn. syn. /. conimunis F. Mey. Son, 

Common ok Mai uni; Rush 

D.F.P.. IV, 552 : C.P., 776 ; FI. Hr. Ind., VI. 392. 
A densely tufted, cylindrical and soft |)erennial 
herb, 13 ft. high, found in Sikkim Himalayas (6.000- 
lo.cHK) ft.) and Khasi (5.otx) 5.900 ft.) and Aka hills, 
in wet and marsh v situations. Leaves short, sheath- 
ing the ba.se of stem ; inllorescence variable, effuse, 
lax or pendulous ; llowers in clusters, greenish or 
brownish : cap.sules ohovoid : seeds minute. 

"Fhe rush is used for making mats, ha.skets and 
chair bottoms. It is ii.sed for tying parcels in China. 
A line straw' is prejiared from it in Philij)|)ines. 'Fhe 
pith of the stem is used as wick for lamps and 
candles (Burkill, 11 , 1271-72 ; Brown, 1941, 1 , 365). 

The leaves contain (dry basis): protein. 8.6 : amide, 
1.6 ; N-free extr., 54.3 : fat, 2.4 : fibre, 31.0 : and ash, 
3.6%. "Fhe leaves also cont:iin glucose (hut no sucrose), 
traces of bases and organic acids, pentosans, .some 
methyl pentosans, and small (piantities of fat with 
fatty acids. "Fhe leaves contain 64% cellulose ; a fibre 
which can he spun into thread is obtained from alkali 
digested (2%> caustic soda) pulp of the grass 
(Wehmer, 1 , 140; Chem. Abstr., 1941, 35 , 6809). 

A decoction of the |)iih is considered antilithic, 
pectoral and discut ient. In China, the ])irh is used as 
diuretic and depurative, and is employed for keeping 
fistulous sores open. "Fhe root is diuretic especially in 
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sinin^iiry. TIic plant is reported to be [Kusonoiis to 
cattle (Biirkill, II, 1272 : Roi, 72 : Steininetz, II, 256 ; 
Watt Breyer-Braiuiwijk, 10). 

J. inflexus Linn. syn. J. glaucus Kbrli. ex Sibth. 
Hard Ri sii 

D.L.P., IV, 552 ; C.P., 776 : Kl. Br. Ind., VI, 393 ; 
Fyson, II, PI. 557. 

A tiilted, dark green perennial lieri) with cylindrical 
stein, 1-2JS It. high, Ibund usually in damp situations 
and distributed I'roni Kashmir to Nepal, Aka bills, 
Nilgiri and Piilney bills, atid the southern end of 
western ghats, ascending from 6,(kk) to 9,000 ft. 
Leaves none or cylindrical like the stem : flowers 
minute, brown, sessile, solitary ; capsules ovoid, 
pointed. 

The rush may be used for making mats and 
baskets in the same way as J. cfjusus. It is used as 
fodder in times of scarcity : cattle do not relish it at 
the heginning, hut once the taste is actpiired, they 
take to it greedily. It is reported to be poisonous to 
animals causing irritation of stomach and diarrhoea 
followed by rapid loss of condition, nervousness and 
progressive l)lindness ; the animals may die of cere- 
bral haemorrhage preceded by convulsions. Inhala- 
tion of chloroform together with subculaneons injec- 
tion of hrandy and camphor in ether provides relief : 
atiimals gradually recover and they should he kept 
indoors for a long time (Forsyth. Bull. Mitiisl. /IgnV., 
f.oud.. No. 161, 1954, S7). 

/. priamaiocurpus R. Br. is a tufted, perennial herb, 
i', : -2 ft. high, found in the Himalayas, from Punjab 
10 Assam, up to io,ck)o ft. : it is also found in Madras, 
western ghats and Kerala in marshy places, pools and 
river banks. It is reported to be cy.inogenetic (Webb, 
Bull. ('ouu. .sc/, iuduslr. Rrs. Ausi., No. 232, 1948, 66). 

Jungle Fowl — see Birds 

JUNIPERUS Linn. (Pinaccuc) 

A genus of evergreen aromatic shrubs or trees, 
distributed chiefly in the northern hemisphere, from 
the arctic zone to the mountains of the tropics. Some 
of the species furnish commercial woods suitable for 
pencil making : some are of medic inal importance. 
Five species occur in India and a few exotics have 
been introduced. 

Junipers are ornamental plants with branchlcts 
spreading in all directions. 'Fhey vary greatly in 
habit : the erect columnar or pyramidal forms arc 
decorative and are excellent for narrow avenues : 
those of bushy habit may be grown in hedges ; the 


spreading kinds provide a good c:overing for ground 
in semi-wild places : some species are useful for re- 
afforestation purposes. 

Junipers are well adapted for medium and high 
elevations in India. They thrive best in sandy and 
loamy, moderately moist soil, but grow well even in 
rather dry, rocky and gravelly ground. 'Fhey prefer 
sunnv open situations and can be propagated by seeds, 
cuttings, layers or by grafting. Seeds retain tbeir 
viability, when stored in a cool dry place, for several 
years. When .sown they often lake a year to ger- 
minate, though .sometimes they may vegetate in a 
few weeks, (termination may be hastened by soaking 
the seeds in hot water for a few minutes before 
sowing (l)allimore & Jackson, 291 : ('bittenden, HI, 
1092 : Firmingcr, 283). 

J. communis Linn. Common JifMPKR 

D.F.P., IV. 992 ; FI. Br. Ind., V, 646 : Kirt. Basu, 
PI. C922B. 

Hindi — Aaraar, huuhvni, ahluil ; Bknc;. — Huvuslut ; 
Mar. — lloshu. 

Pi\\jAii & Kashmir Betur, prltliri, pufuu, chui, 
luiulher : Kl'maon — Cdnchiu, jliora : Dkcc.an — Ahlud. 

A dense, more or less procumbent shrub, rarely a 
small tree, found in the Himalayas from Kuniaon 
westwards at altitudes of 5,o(X) -14,000 ft. Bark 
reddish brown, peeling off in papery shreds : leaves 
in whorls of 3, linear-subulate. 0.2-0.6 in. long, 
sharply |)oinied. upper surface concave, glaucous, 
bluish while, lower surface bluntly keeled ; flowers 
usually dioecious, axillary : fruit sub-globose, bluish 
black when ripe, 0.4-0.5 inch in diam., covered with 
a waxy bloom: ihe three scales comprising the 
fruit occasionally gaping and exposing seeds : seeds 
usually 3, elongated, (Aoid. The plant is very variable 
with a number of geographical varieties and garden 
forms : it becomes prostrate, nor more than 2-3 ft. 
in height at higher altitudes in the Himalayas. The 
|>lant flowers in March-April and fruits ripen in 
August-^^v'ptemher of the .second year. Under natural 
conditions, the seeds are freely spread by birds, 
which devour the fruits (Trou|), III, 1166). 

Juniper fruits have a gin-like aroma and a sweet 
lerebinthinate taste with a somewhat bitter after 
taste. They are employed for flavouring gin anil food 
pioducts • they are sometimes used as an article ol 
food. Large ijiiantities of the fruit are used in Europe 
for the preparation of alcoholic beverages of the gin 
type. For tliis purpo.se, the fruits are crushed, 
immersed in warm water and fermented : the 
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fermented mass is then distillcci and rectified ; i,ooo 
kg. of fruits yield 16-18 litres of beverage (containing 
4f)-5oV,i alcohol) and 5 /) kg. of volatile oil (Thorpe, 
Vll, 86 ; Hill, 450 ; (Guenther, VT, 371 75). 

13 ry fruits (Jitniperus, Jumper, Juniperi Fructus) 
and the volatile oil obtained from them (On. of Juni- 
i»ER, Oleum Ji?mperi) are included in I.P.C. : B.RC. 
includes only the oil. According to I.F.C., juniperus 
should contain J>ioVo immature or discoloured 
fruits, foreign organic matter, and acid- 

insoluhle ash (I.P.C., 127-28). 

The fruits contain, besides the volatile oil, fermen- 
table sugars (33'*o). resin (8*^,), juniperin (probably a 
mixture of tannin and sugars, 0.36'*,,), fixed oil, pro- 
teids, wax, gum, |>cctins, organic acids (formic, acetic, 
malic, oxalic and glycolic) and potassium salts. They 
are a griod source of ascorbic acid (c. 35 mg./ kk) g.). 
The fruits and the volatile oil possess carminative, 
stimulant and diuretic properties and are useful in 
dilferent forms of dropsies, especially in conjunction 
with other drugs. They have been used in (lisorders 
of the uriim-genital tract, such as gonorrhoea, gleet 
and leucorrhoea, and in certain cutaneous diseases. 
Dried fruits are sold in the bazaars of North India 
and are rejiorted to he imported from Nepal via Patna 
(Thorpe, VII, 86 : Wehmer, I. 45 : Nadkarni, I, 710 : 
Chcvi. Ahstr., i<;4o, 34 , 849; 1952, 46 , 1716; 1948, 
42 , 3096: Kirt. Basil, III, 2380-81 : U.S.D., 1955, 

|uni|KM' oil is obtained by steam-distillation of ripe 
fruits, the yield varying from 0.8 to 1.6% according to 
the (piality (»f fruits distilled. The oil from green un- 
ripe fruits is inferior : in (»verripe fruits, the oil 
changes into a resin. The hulk of the commercial oil 
is obtained as a by-product during the distillation of 
alcoholic beverages. Tbe oil. bowever, is inferior to 
that obtained by the direct distillation of fruits as it 
is partly depriveil of the natural oxygenated odori- 
ferous compounds ((iueniher, VI. 375 ; Chcui, Ahstr,, 
'943- 37 , 6405). 

juniper oil is a colourless or pale greenish yellow 
limpid li(|uid with a characteristic odour of the fruit 
and a .sotnewhat burning hitter llavour. On storing, 
tbe oil turns viscous and actpiires a turpentinic odour. 
The characteristics of fresh oil obtained by the steam- 
distillation of the ri|K* fruits, usually vary within the 
following limits: sp. gr.’ ’". 0.867 0.882 : tr/ , 1472- 
1.484 ; |a]j,, ii[vto - 13° (occasionally dextro-rotatory) : 
acid val., up to 3 : ester val., 1-12 : and ester val. after 
acetylation, 19-31 : solubility in 90",, alcohol, 1 in 
5 10 vol., becoming less soluble with age. Tbe fruits 


obtained from Hoshiarptir (Punjab) market gave an 
oil (yield. 0.837..) with the following constants: 
sp. gr.-!' , 0.918 ; * , 1.482 : |a|,j, +20.8^" ; acid val., 

4.7 : and ester val., 20.5. The I.P.C. retjuiremenis for 
the oil are as follows: sp. gr.“” , 0.862 -0.892: 
1.476-1.484: and -h I to -15“ ((iuenther, VI, 

376-77 : Bhati, /. Indutn Inst, Sci., 1953, 35 A, 43 : 
I.P.C., 183-84). 

'I'he oil contains r/-.i-pinene as the major constitu- 
ent together with smaller amounts of camphene, 
cadinene, juniper camphor (possibly a ses(|uiterpene 
alcohol), a hydrocarbon (jiinene, C,„II,,. : b.p., 164- 
66") with strong diuretic jiroperties. ter))inenol. cer- 
tain unident ilied oxygenated compounds possessing 
the characteristic jimi|>er odour, and traces of esters, 
((iiienther. VI. 380: Parry, I, 34). 

juniper oil is largely used in comptiimded gin 
flavours. li(|ueurs and cordials. A twice rectified oil 
has high flavour value. Imitation jimijK'r oils have 
been produced (Guenther, VI, 381 : Jacobs, II, 1747). 

The exhausted fruits (left after the distillation of 
oil) on repealed extraction with warm water and 
concentration, yield (3f>-38'‘,,) a prf»duct known as 
Succi^s Jt^NiFERi. 'Phe preparation, consisting chiefly 
of invert sugar, was formerly used in Kiirope as 
a diuretic and sudorific. Exhausted fruits are used as 
feed for stock. They contain: moisture, 23.72 : crude 
protein, 6.23: ether extr., 10.75: crude lihre, 27.16: 
N-free extr., 38.0 : and ash, 4.14",.. The ash is rich in 
calcium and potassium. Feeding trials on sheep gave 
the following digestihility co-eflicients : N-free extr., 
66 : protein, 39 : ether extr., 37 : and crude fibre, 20''.. 
(Guenther VT. 376: ('hem. Ahstr., 1937, 31 , 8055). 

All parts of tbe tree contain v'olatile oil. A terebin- 
th inate juice exudes from the tree and hardens on 
tbe bark : it has been erroneously considered to be 
identical with gum Sandarac |from Tetnnlinis arti- 
i'ulatd (Vahl) Mast.], 'rerminal twigs and needles 
yield (0.15 0.18",,) a brigiit yellow oil (sp. gr.’" , 0.8551) 
with tbe characteristic odour of juni])er oil : it con- 
tains r/-fi-pinene, cam|)hene and cadinene. juniper 
Wood Oil is obtained by the steam-distillation of 
wood: it has the following constants: r/'‘‘ , 0.8692: 

21.03": , 1.4711: acid val., 0.9: ester 

val., 6.7 : solubility in 90".. alcohol. 1 in 7 vol. or 
more, with slight turbidity. It contains cadinene and 
a sestjuiterpene. Commercial juniper wood oil is 
usually obtained by distilling turj)entine with juni|K*r 
wood an<l twigs : more often, it is a mixture of tur- 
pentine and juniper oil. The bark oil obtained by 
the steam-distillation of bark (yield. 0.25-0.50*7.) 
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contains jiini|>cronc. jiinipcrol : m.p., i io°), 

M-j>inene and silvesi rcnc (U.S.I 3 ., 1955, 733 : Finnc- 
inorc, 13 ; Wchincr. I, 45 : Chem. Abstr., 1935, 29 , 
S234 ; Gildcmcistcr & IlofVmann, H, 163-64; Chew, 
Ahstr., 1955, 49 , 12784). 

Juniper needles are rich in ascorbic acid (88 mg./ 
K)o g.) : they also contain resin, wax and esters. The 
fruits and roots yield brown and purple dyes respec- 
tively- I he hark is saitl ro he used iti Russia for 
tatining ((Uiew. Abstr,, 1944. 38 , 24(m) ; Nadkarni, I, 
710: Wehmer, I, 45: Chew. Abslr., 1935, 29 , 
5275: Howes, t953, 280). 

I’he wood of juniper (wt., 33 Ih./cu. ft.) is brownish, 
moderately hard, durable, fragrant, highly resinous 
atid easy to season. It is usually available in small 
si/es and used for fencing, veneering, turnery and as 
fuel, 'rhe wood and young twigs are hurtit as iticense 
(l)allimore & Jackson, 304 : (iamhle, 6<;8). 

The polysaccharides present in the wood are as 
Idllows ; galactan, 13.5: glucosan, 61.0: inannan, 
14.0: araltan, 0.5: and xylan, 11.07,,. /)-Hydroxy- 
heti/.aldehyde (2.5'’..) has heeti idetitilied among the 
nitro benzene oxidation products ()f the wood. Sugiol 
(9-keioferrugittol) is reported to he present (Wise & 
Jahn, II, 853 : Leopald Malmstrotn, Acta chew, 
.s(v/;/d., 1952, 6 , 49 : Rredenhcrg Ori|KMiherg, ibid., 
1954, 8 , 1728). 

'J’he wood is diuretic, sudorilic and blood purifier : 
it is employed in gout, rheumatism and cutaneous 
diseases (Steinmetz, II, 256). 

J. macropoda Roiss. Indian Ji'niim:k, IIimai.ayan 

Pkncii. Ckdak 

D.K.P., IV. 554 ; FI. Hr. Ind., V, 647. 

Pi'NiAK — Chalai, Irzcar, shukihi, shitr ; U.P. - 
niiiijh fyadnai ; Nkpai. — Chanda ti, dliafyi. 

A shrub or tree, 40-50 ft. in height and 6-7 ft. 
in girth, often with a crooked and gnarled trunk, 
found in the inner arid ranges of the Himalayas, 
from Nepal westwards, at altitudes of 5 ,<kk) 
14,000 ft. ; it is sometimes cultivated in the plains. 
Hark reddish brown, exfoliating in long fibrous 
strips : leaves dimorphic: acicular on scune lower 
branches, .scale-like and closely apjiressed 011 most 
others: Howers monoecious: male at the tips of 
hranchlets, female terminating side hranchlets ; fruit 
globose, 0.25 inch in diam., bluish black, resinous ; 
seeds 2-5 in each fruit, ovoid. 'Phis species has attain- 
ed particular interest as it appears to connect the 
Fast Asian /. chinetisi^ fann. and the Western 
/. excelsa Rich. (I)allimore & Jackson, 312). 



F-Ki. 15JI. JIINIPFRUS MACROPODA-BRANCIIRS WITH .SCAI E-I IKH 
AND ACICIJI.AR I FAVFS 


Indian juniper occurs more or less gregariously in 
open cr()|>s : it occurs also scattered on dry rocky or 
stony ground in regions of scanty rainfall. Only tin 
der favourable sheltered situations with a moderate 
amount of moisture in the soil does the juniper crop 
tend to become den.se. 'Phe flowers appear in .spring 
and fruits ripen in September October in the .second 
year. Though .some .seed is produced every year, good 
seed-years occur at less fre<]uent intervals. Seedlings 
a|)pear naturally hut the great majority of them 
perish, probably from drought. Heavy snowfall 
a.ssisrs reproduction by increasing the moisture con- 
tent of the soil. 

Tlte tree has a strong spreading root system, parti- 
inlarly on dry rocky ground and is, therefore, wind- 
firm, though it becomes gnarled and stunted in ex- 
po.sed situations. It is both drought and frost-hardy, 
eiuluring low temperatures. The rate of giowth 
is slow : the mean annual girth increment varies 
from under 0.1 to 0.3 in., and exceeds the latter figure 
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only under exceptionally favourable conditions. A 
tree may, therefore, he expected to attain a girth of 
6 ft. in 240-720 years (Troup, III, 1 163-66). 

The tree suffers much hy lopping and stripping of 
hark. The. wood-rotting fungus. Fames j in li per intis 
(V. Schr.) Sacc. & Syd., is reported to affect it (Troup, 
in, 1 165 ; Khan, Pakist. J. Sci., 1952, 4 , 65). 

The wood is dull red to reddish brown, often with 
a purplish cast, becoming brown after exj)osure. It is 
highly resinous and has a cedary odour and taste. It 
is moderately soft, light (sp. gr., c. 0.43 : wt., 28 Ih./cu. 
ft.), straight-grained, line- and evcn-textiired. The 
limher seasons slowly hut without warping or 
splitting. It is durable iiiuler cover. Clean timber 
is easy to saw though diilicult to obtain : usual- 
ly the limher is knotty and sawing is ditlicult. 
It works with great case (Pearson Brown, II, 

1023-24). 

'^riie chief importance of the wood lies in its suit- 
ability for |>encil making. l"or this purpose, it has 
been lound to he the l)est among the Inclian timbers 
tested. Supplies, however, are scanty, 'rransport of 
timber from the forests t() the plains is difficult as 
commercial exploitation on an economic basis does 
not seem to he practicable (Pearson & Brown, TI, 



F.R.I.t Dehra Dun. Photo: K. A. Choivdhury 

I’lG. IW. JUNIPERUS MACROPODA— IRANSVERSE SECTION OF 
WOOD (xlO) 


1024 : Rehman & Ishaq, Induni Far. f.enfJ., No. 66. 

■ 945 )- 

The wood is used locally for house building, walk- 
ing sticks, drinking cups, etc. It is used also as fuel 
and for making charcoal. Twigs are burnt as incense 
and the fumes are supposed to relieve deliri- 
ous condition in fevers (Pearson Brown, II, 1024 ; 
Kirt. & Basil, III, 2383). 

'I'he fruit possesses medicinal |)roperties similar to 
those of /. cammtniis. Dried fruits on steam-distilla- 
tion yield a volatile oil which has been included in 
I.P.C., along with the oil from the fruits of /. eom- 
mtinis, as Oil of Juniper. I.P.C. specifications for the 
oil are the following: sp. gr.' * , 0.840-0.850 ; 1 13 

to 4- 18‘' : and u-‘" , 1.470 1.4805. 'I’lie yield of oil 
varies witli the source of the fruit (Tchri-(^arhwal. 
0.66: Kulu, 1.50: Chamha, i.68‘’,.); a sample of oil 
obtained from Tehri-(>arhwal had the follow- 
ing characteristics: sj). gr.‘" . 0.91 k >6 : //, 1.4733; 

|»|, 4-44.5®. The oil tlistilled from fruits from three 
localities in Baluchistan (yields: 1.55. 1.10. 2.04“..) 
had the following constants : (P '" , 0.8379. 0.8355. 
0.8343; /I'"’, 1.467 f. 1.4680, 1.4610: and 

4 - 12.5^°, 4 10.69® and 4- 18.18". respectively. It con- 
tained pinene (60-70%), oxygenated cotnpouiids 
(30-35';;,) and a small amount of cadinene. 'Phe oil 
was used in India, during World War II, as a substi- 
tute for juniper oil. For use in gin flavouring, pinene 
which gives the oil a turpentine odour, must he 
removed (Kirt. & Basil, III, 2382 : I.P.C.. 183 84 : Far. 
Res. lutiia, |)i I. 194^-46. 82: 1947 48. 7^ * 

94 ). 

], recurva Buch.-IIam. | including /. stjiuimtita Buch.- 
Ilam. syn. /. recurva var. sfjiiatnaia Pari., Hook. f. 
(FI. Br. Ind.)| Wk.k.jm.nc; Bli k |i’mi'kk 

D.K.P., IV, 555 : FI. Br. Ind., V, 647 : Kin. iV Basu. 
PI. 923. 

Westekx I Ii.M.\i..\Y.\s Pliiilii, theln, hlieilara. 
xeet\(ir ; Nv.vM. -Tiipi : Sikkim — Cliuklum. 

A prostrate or decumbent shrub or a small tree of 
graceful, drooping habit, attaining a height of 30 
40 ft., distributed almost throughoiir the temperate 
and alpine Himalayas and Assam at altitiiiles of 
7,ooo-i5,<Kx> ft. : the procumbent type (/. sijuamata) 
the stems of which creep over ground, rooting freely 
and sending up numerous short, erect branches which 
form dense thickets, is more cotntnon in western 
Himalayas. Leaves awl-shaped, overlapping in whorls 
of three, 0.1 0.25 in. long, <lull or greyish green : 
flowers monoecious or dioecious : fruit ovoid, 0.25- 
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0.35 in. long, (lark ])ro\vn or purplish black : seed 
solitary, ovoid. 

The |)lanr occurs gregariously, often extending 
over large areas, pure or mixed with /. coinmimis. 
The procumhent type (/. sqiunnata) can he grown 
in the plains. Ir is |)ropagated hy nursery seedlings 
r.iised from cuttings of prostrate stems and planted 
out early in the rainy season (Troup. Ill, 1166 67). 

'rhe wood is light red, moderately hard and heavy 
(ui.. 35-47 11)./ cu. ft.), fragrant and resinous: it is 
locally used as fuel. It is suitable for use as pencil 
wood. In Burma, it is used as coflin wood. "I'he wood, 
leaves and twigs are used as incense and for this 
purj)ose. they are sometimes imported from Sikkim : 
the smoke from green wood is reported to be emetic. 
The fruits yield (0.46 0.8S'*,,) an essential oil. having 
I he following characteristics: sp. gr.‘“ , 0.1^266: ;i. 
1.4S12 : and |<i|. } 52.5*^ (Cainhle, 6<>S : Trotter, 1944. 
217: Rodger. 6; Kirt. & Basu, III, 23S2 : For. Res, 
India, pt 1 , i(;47-4S. 76 : 1950-51, 94). 

J. zvaUichiaua Mook. f. syn. /. f^srudosahina ilook. 
f. (I"l. Br. Ind.), non I'isch. Mey. (Bi.ack JrMi»FK : 
Ili.NDi IMiil : SiKKi.M- Tchokpo) is a robust shrub 
or a tree, up to 60 ft. high, found in the Himalayas 
from Kashmir to Bhutan at altitudes of 9 ,(kk) • 
15.000 ft. 'Fhe w(K)d of the sjKTies is similar to that 
of /. tnacrofyoda. The leaves and twigs are .sold as 
incense in Darjeeling: they are also insect-repellent. 
'J’he hark, which exfoliates in long fibrous strips, is 
reported to he used locally as pads and for other 
douieslit purposes | Biswas, Matmfactitrcr, 19^0-^!, 

2(.).r,]. 

Among the exotic species of Jmiipcrus introduced 
into India. J. viri^^lniana Linn, (Rkd Ckd.xk, Pk.xcu. 
C'kdak) is |)crhaps the most important, ft is a sturdy 
ornamental tree, native of North iXmerica, and is 
propagated hy seeds or cuttings. The wood is pink 
(»r reddish, fragrant, rather soft, brittle, straight- 
grained and very durable. Ti is the most valuable of 
all known woods for pencil making. 

'Hie wood on steam-distillation yields 1-5",. of a 
volatile oil, known in the trade as Cedarwood Oil. 
The yield of oil depends u|>ou the proportion of 
heart wood to sapwood in the material useil for 
distillation : heartwood contains up to 4“,, of oil 
while sa|)wood contains less than i‘V,. Commercial 
(edarwood oil is derived chiefly from chips and 
sawdust obtained from the processing of wood for 
various uses. Cedarwood oil is a colourless or pale 
yellow lupiid with a sofi balsamic fragrance 


characteristic of the wood. It has the following con- 
stants: sp. gr.‘* , 0.943-0.964; [a|j,, -18° to -42°; 

1. 50- 1. 5 1 : acid val., up to 1.5 ; ester val., up to 
12 : ester val. after acetylation, 26-28 ; and solubility 
in 90% alcohol, 1 in 10-20 vol. or in 95% alcohol, i 
in 7 vol. The oil contains ccdrenc isomers (80%), 
cedrol (3-14'V)), small amounts of cedrenol and 
pseudocedrenol, and bicyclic sestjuiterpenes (Wise 
Jahn, I, 579 : Guenther, VI, 355-64). 

Cedarwood oil is used in insecticides, perfumery, 
soaps, liniments, cleaning and polishing preparations, 
ami as an adidterant of sandalwood and geranium 
oils. It is used also in microscopy. It has been used 
as an abortifacient, but in some cases death has been 
caused hy its use (Hill, i(;o : U.S.D.. 1955, 1728; 
Panshin c/ aL, 509). 

'Hie residue from the still after steam-distillation 
for oil. is used for horticultural purpo.scs as a substi- 
tute for coconut fibre refuse. It is also used in the 
manufacture of linoleum. The wood, twigs and fruits 
are burnt as incense. 'Hie leaves were formerly used 
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as an ingrcclieiu of a countor-ii ritant oininicnr. Small 
cxc reset* nc’cs, someliines foiiiul on the branches of the 
tree and known popularly as C’edar Apples, are used 
as an anthelmintic (l)allimore Jackson, ^35 ; 
Krishnainurthi, 216: U.S.D., 1955. 1728). 

/. pmccru Hochst. (Kasi' African Ckuar) is a 
native of East Africa introduced into India. It 
attains a height of about 100 ft. in some places 
in the Nilgiris. The wood (wt., 30-40 Ih./cu. ft.) 
is reddish brown, soft and fragrant with a line 
and even grain except in wood from old trees. 
The wood works atid polishes well, hut is rather 
brittle. It is durable, resistant to damp and insect 
attacks and is useful for building purposes, furniliire, 
cabinet making and for pencils. An oil similar to 
cedarwood oil is obtained by the sieam-disi illation 
of the wood. The residue from the distillation still 
is suitable for the manufacture of hard boanis 
(Krishnainurthi, 216: Titmuss, 41; Dallimore <1^ 
Jackson, 320 ; Packman. Colon, PI. Aiiini. Prod,, 
*955* *57 ‘ Eit*'*7. * *955 54» ^9)- 

/. hcrmitdiana Linn. (Bkrmida Ckdak) is a tree, 
40 30 ft. in height, native of Bermudas. The wood is 
red in colour, sometimes with pretty markings, atul 
is very durable. It is used for shipbuilding, furniture 
and cabinet work (Dallimore cV Jackson, 295). 

/. chiticnsis Linn. (Ciiinf.sk Ji'mfkr), a native of 
Clhina and Japan, is a very variable tree, sometimes 
exceeding 60 ft. in height. It is usually pyramidal or 
columnar in form and is grown for decorative 
purposes. The wood is durable but t(H> scaixe to be ol 
commercial importance. It is used for prejiaring 
cosmetics and as incense in Cliina. It yields an oil 
resembling that of J, viririniana (Dallimore & 
Jackson, 300: Burkill, II, 1272). 

JURINEA Ca ss . ( ( U) niposiiac) 

A genus of herbs and undershruhs distributed 
from Central Europe and the Mediterranean region 
eastwards to C.hina. Two species occur in Itulia. 

J. macrocephala Bcnth. 

D.E.P., IV, 556: El. Br. Ind., HI. 37S ; Kin. cV 
Basil, PI. 352. 

Punjab A' Nokhi Wk-sikkn Himai.ayas "i)/m/), 

A |>erennial herb, without aerial stem, found in 
the Himalayas from Kashmir to Kumaon at alti- 
tudes of 10,000-14,000 ft. Root woody, aromatic. 

* ’riicsc ii.‘iiiu*s ;irc .'ipplied tii ;i iiiiniluT ot I'nij^rant plant pm- 
ducts used as iiicc'iisc and fumigants. 


perennial ; leaves radical. 6-18 in. x 1.3-7 in., cottony 
above, thickly white-tomentose beneath, pinnaiely 
divided into broad, lobulate. itioihed segments ; 
llowerheads 3-30, purple, sessile or shortly [)cdun- 
cled : achenes grey, flattened, curved. 4 3 angled, 
tubercled, with copious pappus. 

The aromatic roots are used as incense in houses, 
temples and religious ceremonies : they are reported 
to form the chief ingredient of dhup available in 
North Indian ba/aars. The roots are considered to he 
stimulant anti given in fever after child birth. A 
decoction of the roots is given in colic. Bruised roots 
are applied to eruptions. The roots are collet ted in 
summer and autumn and sent to the plains for 
marketing ; some i[uantity is exported to ribet. 
(Kaul. 21). 

JUSSIAEA I .inn. (Oiut^rdccac) 

A genus of herbs or undershrubs often grtuving 
in water or marshy places and distributed in the 
tropics and subiro|)ics of the world, chiellv in 
Amerita. Three species occur in India. 

J. repens Linn. 

El. Br. Ind., II, 387. 

Wv.sv,. Kcsftra-dani. 

Bihar Dlndnii, kcsnrihfi. 

A succulent, t reeping or floating herb, omining 
throughout the plains of India in ponds and m.irshes 
and tin river banks : when floating the stems are 
sup|)oried by >^pungy vesicles (0.3- 1.3 in. long) situat- 
ed below leaf bases. Le.ives alternate, obnv.uc or 
oblanceolare : flowers white, solitary, axillary : capsule 
woody, linear cylindric (0.3-1.5 in. long): seeds 
uumeroiis. 

'riie herb is used as a paste or in poultices for ulcers 
and skin complaints (Bressers. 63; Burkill. 11 . 1273). 

J. suffruticosaLinn. : L.B. C larke (Id. Br. Ind.) in part. 

D.E.P.. IV. 336 : El. Br. Ind., II, 3S7 : Kirt. \ Basil, 
PI. 436. 

HlndavftNtfft : Hindi — Baiduii^o ; Bkno. * 
liatdnnif, lalhnnlinii^a ; Mar.- Paiudaviniira : Tki.. - 
Niruy(f(riii-i'rndrfitnu : 'Pam. — Katlnkkiramhu, hirmn- 
imppunt/ii, uiukkirambii ; Kan. Ktrcaknla ; Mal. 
Kaltutliinnha, kaltukkaixanipu ; ()riv.\ — IVtlo- 

hd)ongo. 

An erect, much-branched, suffruiicose perennial, 
up to S ft. high. (KTcwring throughout the greater 
parr of India, iisjually in wet and moist places in 
the plains. Ianivcs alternate, nearly sessile, very vari- 
able, linear to broadly elliptic, more or less woolly ; 
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liowcTs yellow, icirainerous, solitary, axillary; cap- 
sule siilMjuadraugular (1-2 in. long), clovc-likc in 
appearance, nieinhranoiis ; vseeds numerous, minute, 
ovoid, didymous, shining. The species as described in 
Kl. Br. Ind. is very variable and is considered by 
manv authors to comprise more than one species ; 
it is, however, not possible to discriminate between 
them on the basis of their economic uses. 

'riie plant is considered astringent, carminative, 
laxative, diuretic and anthelmintic. A decoction of 
the [)lant is given for flatulence, dropsy, Icucorrhoea 
and spitting of blood ; it is used also in diarrhoea and 
dysentery. A decoction of the root is given in fever, 
'rhe leaves are mucilaginous and used in Malaya for 
ptmlticing in headaches, orchitis, glands in the neck 
and nervous diseases. A kind of tea is also made 
from the leaves. In Africa, the plant enters into 
prescriptions for rheumatic pains (Kirt. A' Basu, II, 
ioS(j ; Burkill, II, 1274 ; Bressers, 66 ; Dalziel, 42). 

J. IvHclla Bunn. f. syn. J. liaifolia Vahl : }. fissctido- 
i tupa Haines is a much-hranched iindershruh, 3-4 ft. 
high, with suhsessile, linear-lanceolate leaves, occur- 
* ring in watery and swampy places in Bihar and 
Orissa and in some parts of South India. Hie plant 
is reported to he common in rice fields in Malaya 
and is ploughed in, along with other plants, as green 
manure. An infusion of the root is given for syphilis. 
In Celebes, the plant is employed in poultices for 
pimples and in Philippines for the jireparation of a 
hlack dye (Burkffi, II, 1273: Brown, if, 403), 

JUSTICIA Linn. (Aanithacvac) 

A large genus of herhs or shrubs distributed in the 
tropical regions of the world. About 50 species are 
recorded in India. 

J. betonica Linn. 

Kl. Br. Ind., IV, 525. 

I'ki .. — Trllanaitu ; Tam . — : Mai..~ - 

I \'Uakunniji, vnikuriuui. 

Madhya Pkadksii -Mokaudar : Biiiak — llad-pal. 
An erect shriih, 2-4 ft. high, found alnioKt 
throughout India in rocky ravines, waste lands and 
hedges. Leaves 2-4 in. Umg, ovate-lanceolate ; flowers 
small, white with rose or pink markings, in simple 
or branched terminal spikes. 

The plant is used as an application for swellings ; 
it is also used in diarrhoea. In Oylon, the leaves are 
used as poultice for boils (Burkill, II, 1274 • Ibiines, 
IV, 691 ; Macmillan. 365). 


J. gendarussa Bunn, f. syn. Gcfidarussa vtdgaris 
Nees 

D.K.P., IV, 557 : Kl. Br. Ind., IV, 532 ; Kirt. 
Basu, PI. 724. 

Hindi — lldisaiihiudu, nilinargandi ; Ben<;. — Jagal’ 
madim ; Mak. — Bakas, kula adulsu, too ; Tkl. — 
AddnsaramUy gandharasamu, tutllfitiocliili, nclava- 
vili ; Tam. — Karunoclichi, vadfnkkutlii ; Kan. — 
Adutlioda gida, karinckki, natchii kaddi ; Mal. — 
KarinochU, valafikolli ; Oriya — Kukiirodonti. 

A.s.sam — Tita-btdwk, bisludya-kannii ; CiAKo — 

Dajagipc ; Mirik — Titirm-sosoanmg. 

* An evergreen scented shrub, 2-4 ft. high, found 
throughout the greater part of India and Andaman 
Islands. Ixaves 2.5 -5.0 in. long, lanceolate or linear- 
lanceolate, glabrous; flowers small, \riiite with pink 
or purple spots inside, in terminal or axillary spikes ; 
capsules 0.5 in. long, clavate, glabrous, containing 
4 seeds. 

/. gcndariissii is considered to be a native of C^hina. 
It is fre(piently grown in Indian gardens as a hedge 
or border plant : it is sotnetimes found as an escape. 
It is propagated by cuttings and grows (piickly. It is 
hardy, withstands heavy rainfall and thrives in shade 
(l)uthie. II. 210: Gopalaswamicngar, 1S2, 188). 

Hie plant is considered febrifuge, emetic, etn- 
metiagogtte atid diaphoretic. In Malaya, it is used for 
the treattnent of lunacy, debility and snake bite; it 
is also given for amcnorrhoea and stomach troubles. 
The leaves are used as antiperiodic, alterative and 
in.secricide. Kresli leaves are used topically in oedema 
of lieriheri and rheumatism. Leaves and tender 
shoots are considered diaphoretic and an infusion of 
the leaves is given internally in cephalalgia, hemi- 
plegia and facial paralysis. The juice of leaves is 
reported to possess the property nf slopping internal 
haemorrhage : it is dropped into the ear for earache 
and into the nostril for hemicrania ; it is u.sed also 
for colic in children. Hie root is also reported to have 
several medicinal uses. 'Khe hark is consideretl emetic 
jKirt. ik iiasit. III, 1897 ; /. sci. Res. Indonesia ^ 

1 (suppl.), 30 ; Burkill, I, 1066 : Nadkarni, I, 572 ; 
Qiiisumhing, S89-90 : Biswas, Mannfaeturer, i99o-<;i, 
2(.).6|. 

The leaves contain a hitter and slightly toxic 
alkaloid. A decoction or alcoholic extract of the roots 
produced slight paralysis in rats in doses of 1-2 g-/kg. 
jjody wt. ; in doses of 10-20 g./l^g* if is antipyretic and 
depres.sant producing violent diarrhoea and even- 
tually death (Wehmer, II, 1143: Chew. Abstr., 1937, 
31, 2688). 



JUSTICIA 



J. procumbens Linn. 

D.K.P., IV, 557 ; Kl. Bi*. Ind., IV. 559. 

Mar. — Karamhal, hahuashi ; Tam. — Otlu pillit, 
l)oom-lnllu, fyalkodi, ucreupootlic. 

Bom R A Y — ( M hati-pit pa p ra , pit pa pad a . 

A proaiinbciit, diffuse, slender, bnineliing annual, 
4 16 in. high, distrihiited in Bihar. Aravalli hills 
(Rajasthan), Deccan, western ghats froni Pulnev 
south waixls. an<l west coast from Konkan to Kerala : 
the plant is usually found in moist places and is 
particularly ahundaiu in the rainy season. Leaves 
elliptic or lanceolate : flowers pale pur|)le. in dense, 
cylindrical terminal spikes ; capsules ohlong, shortly 
pointed, puhescent at the tip : seeds finely tuherculate. 


The plant is said to he eaten in some parts 
of Bombay. The drie<l plant possesses a somewhat 
hitter disagreeable taste and is used as a suhslilutc 
for true Pit-papra obtained from Fumaria vaillantii 
I.,oisel. It is considered laxative, diaphoretic, fliuretic, 
alterative, expectorant, anthelmintic and febrifuge. 
The juice of the leaves is s(|uee/ed into the eye in 
cases of ophthalmia. An infusion of the herb is 
given in asthma, cough, rheumatism, backache, 
plethora, flatulence and lumbago. A decoction of 
leaves is sometimes used in the treatment of curva- 
ture and diseases of the hone. The Mundas are 
reporte<l to use the herb for the treatment of wounds 
in buffaloes (Chopra, 501 : Nadkarni, I. 715: Kirt. 
iV Basil, III, 1898 : Q)uisumhing, 891 ; Cheo, But. 
Hull. Acad, sifiica, 1947, I, 507 : Crevosi cV Petelot, 
Hull. ccon. Indocli., 1954. 37 , 1284: Bressers. 112). 

/. diffusa Willd. = /. putpurra Linn., approaching 
var. vahlii C.B. Clarke, is a tall, straggling, narrow- 
leaved herb, found in Ranchi (Bihar). Circars and 
Deccan. The root of the plant is used by the Mundas 
as a remetly for madness. ]. (juinffurauiridaris Koenig, 
a prostrate or ascending herb, i ft. high, is found 
almost throughout India. 'Ute leaves of the plant arc 
eaten as pot-herb. /. simplex D. Don (Dr.i.iii 
is an erect, slender herb, found throughout India 
asccmling to 7 ,(m)o ft. in the Himalayas. ]. tratujuc- 
hariensis Linn. f. Sivauarvemhu) is a low 

undershruh, found in Dcccan. C’arnatic and from 
Mysore southwards. The juice of the leaves is con- 
sidered cooling and aperient : it is given for small- 
pox in children. Brui.sed leaves are applicrl to con- 
tusions. /. vasculftsa Wall, is a small herb hnind in 
K. Himalayas, Sihsagar (Assam) and Khasi hills at 
altitudes of 2 ,o(k> 5,(H)o ft. The leaves of the herb arc 
used for inflammations (Bressers. 112: M. Madras, 
1081 : FI. Delhi, 277: Nadkarni, 1 . 7i<t: FI. A.s.sam, 

III, 454). 

Jute — sec Corchorus 

Jute, American — see Abutilon 

Jute, Bimlipatam — see Hibiscus 
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Kabuli Gram — sec Cicer 
Kachi Grass — sir Cymbopogon 
Kadam — si r Anthocephalus 
Kadiya Gum — sir Sterculia 

KADSURA Kacinpi. cx Juss. [Mti^uoliacvac) 

Kl. Br. Inii., I. 45. 

A genus of evergreen twining shrubs (listrihuted 
in soutliern and eastern Asia. 'Hiree species occur 
in India. 

K. Iirlcmclila (Roxh.) Craih syn. K. roxhurghiana 
Arn. : K. wightiinia Arn. (Kasiekn Himalayas — 
saldclo-rik : A.ssam — Kang-vuiri^ wi-ja- 
Ngi'u\ ihriarhinvvi) is a stout scandent shrub occur- 
ring in eastern Himalayas, Assam and western ghats 
in Malal)ar ascending to an altitude of 8,(xx) ft. : it 
has also been recorded from Andaman Islands. 
Leaves broadly ovate to ovate-lanceolate, rather 
fleshy : flowers whitish, solitary, axillary ; fruit red, 
globose (12 in. diam.) consisting (yf more or less 
coalescent, fleshy carpels : seeds orbicular, compress- 
ed, cdil)le. The fruit is sometimes eaten ((iamhle, 
14 ; C'owan & Cowan, 11). 

KAEMPFERIA Linn, (/.ingihcratrac) 

A genus of rhi/omatous herbs, distributed in the 
tropics and subtropics of Asia and Africa. About 10 
species occur in India : a few exotics are grown for 
ornament. 

Kaempferias are grown in gardens for their hand- 
some flowers and foliage. The flowers are borne close 
to the ground and plants are usually grown in pots. 
Propagation is by divisions of the rhizome which 
may be potted in light soil ; licjuid manure is ajyplied 
to promote growth. Repotting becomes necessary 
once in two years (Gopalaswamiengar, 494). 

K. galanga Linn. 

D.E.P., IV, 561 ; Kl. Br. Ind., VI, 219; Kirt. & 
Basil, PI. 948. 

Sans. — Chandranmlika, sitgtindhavacha ; Hindi — 
Cliandramula ,* Benc;. — Chandtnntda ; Mar. — 
Kachri, kapur-kachri ; Tel. — Ktu horam ; Tam. — 
Kucliohmi, kacholakilaugH ; Kan. — Kdclwhura ; 
Mm,. — Katjidam, kachohmi. 


A small, handsome herb found throughout the 
plains of India and cultivated for ornament and for 
its aromatic rhizome. Leaves two or three, spread- 
ing flat on the ground, rotund-ovate or suborhicular 
(2.5-6.0 in. X 1.75-4.0 in.): |K'tioles short, channell- 
ed ; flowers white. 6-12 on a short scape, fugacious, 
opening successively : lip bilobed with lilac or purple 
spots. 

The tuberous rhizomes possess a camphoraceous 
odour with a somewhat bitter aromatic taste, resem- 
bling that of the rhizomes of Hvdychium spiaHum. 
Steam-distillation of triturated rhizomes gave 2.4- 
5.88% (on dry wt.) of a volatile oil. The oil freed 
from ethyl /)-methoxycinnamate, which separates 
out on cooling tlie distillate, had the following con- 
stants: sp. gr.ijJI' , 0.8792 0.8914 ; to 

-4*5''; 'C". val., 0.5- 1.3: sap. 

val., 99.7-109.0 ; and sap. val. after acetylation, 1 lo.i- 
116.3. I’he following compounds have been reported 
to be present in the oil: n-pentadecane, etliyl p- 
mefhoxycinnamate (30%), ethyl cinnamate, /-A’- 
carene, camphene, borneol and />-mcthoxystyrenc 
(probably formed during the distillation). The oil is 
not prculuced on a commercial scale (Ciuenther, V. 
130 : Patneker cl ni, /. luduni InsL Sci., 1926, 9A, 
133 : Hariliaran & Sudborough, ibid., 1925, 8A, 189). 

The herb is used as a flavouring for rice. Rhizomes 
and leaves are employed as a perfume in hair 
washes, powders and otlier cosmetics. They arc worn 
by women for fragrance and also usetl for protecting 
clothes against insects ; they are eaten along with 
betel and arecanuts as a masticatory (Burkill, II, 
1276 ; Quisumbing, 193). 

The rhizomes arc considered stimulating, expec- 
torant, carminative and diuretic. They are used iti 
the preparation of gargles ; they are a<lministered 
with hon'w in coughs and pectoral affections. In 
Philippines, a decoction of the rhizomes is used for 
dyspepsia, heatlache and malaria. Boiled in oil, the 
rliizomes are applied externally to remove nasal 
obstructions. Roasted rhizomes are ajyplied hot in 
riicumatism and for hastening the ripening of 
inflammatory tumours. They are also used as a 
wash in dandruff' and for relieving irritation pro- 
duced by slinging caterpillars. Mixed with oil, the 
rhizomes arc used as a cicatrizant. In Malaya, they 
are used for chills in elephants. The juice of the 
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plant is an ingredient of some tonic preparations. 
I'he leaves are used in loiions and poultices for sore 
eyes, sore throat, swellings, rheumatism and fevers 
(Chopra, 501 : Kirt. & Basu, IV, 2427 ; Burkill, II. 
1276; Quisumhing, i93-<;4 : Brown, 1941, I, 430). 

K. rotunda Linn. 

D.K.P., IV. 561 : FI. Br. Tnd.. VI, 222 : Kirt, cV 
Basu, PI. 940. 

Nans. — Bhucham lifted, hUumichdmpa ; Hindi. 
Bkno. & Mah. — Bhuii'hampd ; Cuj. — Blittichumpo ,* 
Tkl. — Bliuchdmpdkdftitt : Tam. — Komlakdldvd, twrpi- 
chan ; Kan. — Nelasampi^c ; Mal. — (Uictichitwcr- 
kUangu, nuthitikttd. 

A handsome, aromatic herb with a tuheroiis 
rhizome, disirihutcd ihroughout India and culti- 
vated for ornament. Leaves two. erect, oblong or 
ovate-lanceolate, up to iS in. x 4.5 in. : flowers 
fragrant, white, hortie in a crowded spike, opening 
sticcessively : lip ptir|)le or lilac. 

'File iindergroutul portion of the plant consists of 
a suh-glohose tuberous rhizome from which branch 
off fleshy rootlets hearitig stnall oblong or rounded 
tithers ; the rhizomes and tubers have a bitter, pun- 
gent, camphoraceoiis taste. On steam-distillation the 
rhizomes yield 0.2% of a light yellow volatile oil 
(sp. gr.' * , o,tS9<) 0.900 : |(i|, f 12®) with an unpleasant 
odour, at first camphoraccous and later resembling 
the fxiour of tarragon oil (from Artemisia draewu 
etdits Linn.). The oil contains cineol and probably 
methyl chavicol. The rhizomes and young leaves are 
used as a Havouring ; rhizomes arc also used in 
cosmetics. Tubers are used as a dye (Gildemeisrer 
Hoffmann, II. 276: Parry, I, 107 : Quisumbing, 193: 
Mooney, 204). 

The tubers of the plant are widely used as a local 
application for tumours, swellings and wounds, I'hey 
are also considered stomachic and given in gastric 
com|)laints : they help to remove blood clots and 
other purpulent matter in the body. The juice of the 
tubers is given in dropsical affections of hands and 
feet, and of effusions in joints ; it is also considered 
efficacious in resolving phlegm. The juice, however, 
causes salivation and vomiting. The herb is used in 
(nntments for wounds (Kirt. & Basu, IV, 2428). 

K. august if olid Ro.se. (Hindi & Bkno. — Katijan- 
hura, mudunirbisha) is a herb with a tuberous 
rhizome occurring at the foot of eastern Himalayas 
and in north Betigal. It is used in veterinary practice 
(Chopra, 501). 

Kafir Plum — sec Harpephyllum 


KALANCHOE Adans. (Crassulaceae) 

A genus of succulent herbs or robust undershrubs, 
distributed in the tropics of the Old World, parti- 
cularly in Africa and Madagascar. About 1 1 species 
arc recordetl from India. 

Many Kalanchoe species are grown in India for 
their ornamental foliage and flowers. 'Fhey ju-efer 
dry, rocky or sandy localities and are useful in 
gardens as border and pot plants and in rockeries. 
They are easily propagated by seeds or cuttings 
(Firminger, 529: (^)palaswamiengar. 175, 399). 

K. Integra (Medic.) Kuni/.e syn. K. spattiulata I XI ; 
K, hrasiliensis Cambess. 

D.E.P., IV, 564: FI. Br. Ind.. II. 415 : FI. Male- 
siana, Ser. I, 4(3), 201. Fig. 2. 

Hindi — liaiza, rungru, tatara. 

KrMAON — Bakalpatta, patkuari ; Nkpal — HallKh 
kam\ 

An erect, perennial succulent. 1 4 ft. high, with 
terete or cjuadrangular stem, found in the trojiical 
Himalayas from Kashmir to Bhutan up to a height 
of 6 ,(hxi ft., on Lushai hills and in the Dectan. 
Leaves spathulate. obtuse, crenatc, cuiieate at the 
base : flowers yellow to red, in many flowered 
panicles. 

K. integra is a very variable species and includes 
a number of forms, differing only slightly in taxo- 
nomic features, but assigned specific status. Tliis 
species and K, laciuiata (c|.v.) are used in indigenous 
medicine in the same manner as Br\opliyllum spp. 
The leaves arc poi.sonous to goats and are not eaten 
by cattle. The expressed juice of the leaves of a 
bitter variety is antiperiodic, tonic and purgative. 
The leaves are rejiorred to possess insecticidal pro 
perties : they are burnt and applied to abscesses 
(Kirt. & Basu, II, 1001 ; Chopra et ai, 437). 

K. laciniata (Linn.) DC. 

D.E.P.. TV, : FI. Br. Ind., 11 , 41.; : Kirt. eV Basu, 
PI. 4cX). 

San.s., Hindi & Bkno. — Ifamsagar : T.\.\i. — Mala- 
kalli. 

Bombay -Parnah'ij, zakhmhyai. 

An erect, stout, perennial herb distributed in ihe 
Deccan and hilly areas of S. India up to an eleva- 
tion of 3,000 ft. Leaves large, very variable, succu- 
lent, deeply pinnatifid twice or thrice : flowers 
yellow orange or magenta, in paniculate cymes. 

The plant is used in indigenous medicine in the 
.same way as Br\()pliyllum spp. The leaves are con- 
sidered styptic, astringent and antiseptic. Roasted or 
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crushed leaves are applied in poultices to wounds, cuts, 
abrasions, ulcers, bites ol venomous insects, gnats, 
etc. Internally the leal juice is given in diarrhoea, 
dysentery, litbiasis and phthisis. In Malaya, leaves 
are used as [)oullicc for coughs and colds : they are 
used in lotions for small pox (Nadkarni. 1 , 717 : 
Burkill, II. 1277: Quisumhing, 351 52). 

Kalanchoe pinnata — scr Bryophyllum 

Kale — siT Brassica 

Kalmegh — srr Andrographis 

Kamala — srr Mallotus 

KANDELIA Wight & Arn. (Rhizoplwraccac) 

A monotypic genus of trees distributed in south- 
east Asia. 

K. candel (Linn.) Druce syn. K. rheedii Wight 
Arn. 

D.K.P., IV, 565 : Kl. Rr. Ind., II, 437; Kirt. & 
Basil, PI. 410. 

Bknc ;. — Goria ; 'Fkl . — KtttidigaJu ; Tam . — Thuvar 
kmuhtn ; Y^w.—Kandiilc : Mw.r—Ccrukamhd : 

Oriva — Rustiniit. 

An evergreen shrub or a small tree with spongy, 
reddish brown, Haky liark, found in the coastal 
forests of India, usually in muddy swamps and tidal 
creeks. Leaves opposite, oblong, 2-4 in. x 1-2 in., 
entire, obtuse, dark green above and reddish brown 
beneath : flowers large, white, in axillary dichotom- 
ous cymes ; fruit ovoid, 0.5 i.o in. long, surrounded 
by reflexed calyx, indehiscent, i -celled, i -seeded. 

The tree is recommended for planting along the 
sides of backwaters for green manure purposes. The 
hark of the tree is rich in tannins and is suitable for 
heavy leather tannage: hole hark contains (av.): 
17.3*',. tannin and 13.5% non-tans: twig hark con- 
tains: 15.4'.'.. tannin and 9.2% non-tans. The hark 
may also he used for dyeing : it produces red and 
brown colours. The hark is reported to he used, along 
with dried ginger or long pepper and rose water, for 
diabetes : it has been shown, however, that atpieous 
or alcoholic extracts of the hark do not have any 
effect on the blood sugar of normal or alloxan- 
diabetic rabbits [Mudaliar & Kamath, /. Bomha\ nat. 
Hist. .Voc., 1954 55, 52 , 69 : Rahim, Tanner, 1954-55, 
9(9), 15 : Edwards el al., Indian For. Rec., N.S., Chem. 

Minor For. Prod., 1952, 1(2). Sb, 88 : Perkin & 
Everest, 632 : Kirt. & Basu, II, 1013 : Mukerji, /. sci. 
induslr. Res., 1957, 16 A(io), suppl., ib|. 


The wood (wt.. 35-40 Ih./cu. ft.) is reddish brown, 
soft and close-grained. It is used as fuel and for 
making charcoal. It is reported to contain 0.23- 
0.26% silica, chiefly in the rays (Gamble, 334 ; 
Talbot, II, 6 : I'roup, II. 503 : Amos, Bull. sci. 
industr. Res. Org ., Melbourne, No. 267, 1952, 48). 

Kaolin — see Clays 

Kapok — see Ceiba 

Kapok, Indian — see Salmalia 

Kaporie Tea — see Epilobium 

Karaunda — .see Carissa 

Karaya Gum — .see Sterculia 

Karen Potato — .ser' Dioscorea 

Karen Wood — .see Hctcrophragma 

Kashmir Stag — see Deer 

Kateri-Indrayan — .see Ecballium 

Katha — see Acacia 

Katira Gum — see Cochlospermum 

KAYEA Wall. (Cutliferae) 

A genus of trees distributed in south-east Asia. 
Three species occtir in India. 

K. assamica King Pi a in 

FI. Assam, I, 113. 

Lakui.mih'k — Sia-nahor. 

A hand.some evergreen tree, up to 75 ft. in height, 
with a cylindrical bole, 40 ft. long and 6 -8 ft. in 
girth, found gregariously in the siih-montane forests 
of north Lakhimpur. Bark light brownish grey, often 
exfoliating in large stpiare plates ; leaves opposite, 
ovate or elliptic-lanceolate, 3.t>-5.5 in. x i.o 1.8 in., 
coriaceous ; flowers white, in terminal or axillary 
panicles : fruit depre.ssed globose, 1.0 in. x 1.8 in., 
almost emirely enveloped by the accrc.sccnt hard 
sepals : seed solitary with flushing cotyledons. 

The wood is light red to reddish brown, some- 
what lustrous, interlocketl-grained and finc-textured. 
It is heavy (.sp. gr., c. 0.91 : wt., 55-60 Ib./cu. ft.) 
and considerably more elastic, stronger and harder 
than teak. The wood is liable to develop surface 
cracks : air seasoning of green converted slee|>ers and 
planks has given good results. It is moderately dura- 
ble under cover, but untreated wood docs not last 
long in exposetj situations or untler witter : graveyard 
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F.R.I., Dehra Dun. Photo: K. A. Choicdhury 

MG. 162, KAYEA ASSAMICA— TRANSVERSE SECIION 
OF WOOD (xiO) 


rests at Dehra Dim j^ave an average life of 5 -7 years. 
I'he wood is refractory to preservative treatment. It 
is not easy to work, hut planes to a smooth surlace 
(IVarson & Brown, I. 55-57 : Pnnishotham rl al,, 
Indian Far., 1955. 79 , 49, Fig. 2/4). 

The timher is much, valued foi house construc- 
tion : it is suitable for internal posts, beams and 
rafters : it should produce *erv serviceable sleepers 
if treated. The fruit is used as fish poison (Pearson Ik 
Brown, I, 57 : Bor, 202). 

K. fioribunda Wall. 

FI. Br. Ind., 1 , 276. 

Assam — Bolutig, idiai-hcrshri, karal. 

A tall evergreen tree with greenish grey or brown 
hark exfoliating in round scales, found in eastern 
Himalayas and hills of Assam up to an altitude of 
3,000 ft. [.leaves opposite, narrowly oblong to lanceo- 
late, 5-10 in. X I 2.5 in., coriaceous : flowers wliite 
with rosy edges, in terminal panicles : fruit depressed 
globose, 1. 5- 1. 75 in. diam., indehisceiit, almost com- 
pletely enclosed in hardened calyx. 1 -seeded. 

The ivood of this species is heavy with rather large 
hut distant |)ores. The data for its com|)arative suita- 
bility as timher expressed as |>ercentages of the same 


properties of teak, are: weight. 120: strength as a 
beam, 105 : stiffness as a beam, too ; suitability as a 
post. 95; shock-resisting ability, 15^; retention of 
shape, 50: shear, 125: and hardness, 145. The wood 
is not very durable : graveyard tests at Dehra Dun 
gave an average life of 2 5 years. It is used for dug- 
outs and construction purposes. It is also suitable for 
tool handles |FI. Assam. I. 113 : lamaye, Indian Far. 

iV. ,V., lUiL, 1944. 3(5). 20 : Indian Far., 19^2, 78 , 
36H : Purushoiham ct al., ibid.. 1953, 79 , 49. Fig. 2/ ^|. 

KEDROSTIS Medic. (Cucnrbilan'ac) 

A genus of prostrate or scandent herbs, distributed 
chiefly in Africa. One species occurs in India. 

K. rostrata (Rottl.) C'ogn. syn. Rh\ncliacarl)a for. 
tida C.B. Clarke (FI. Br. Ind.) in part, non Schrad. 

D.F.P.. VI (i). ij02 : FI. Br. Ind.. 11 , 627 : Kin. 
Basil, PI. 467A. 

Tel . — Knkitniadunda : T\\\. -A ppakavaw 

Bombay — N urakvel. 

A scandent. monoecious herb with |)erennial root, 
occurring in the Deccan Peninsula. Stems angled, 
sparsely hairy : tendrils simple, filiform : leaves orbi- 
cular or reniform, sometimes 5-angled, cordate, 
entire or distantly toothed, membranous ; tnale 
flowers pale yellow, 2 4 at the apex of peduncles, 
female flowers solitary, r.irely aggregated : fruit a 
deep red ovoid berry, c. 1 in. long, beaked : seeds 
few, ovoid. 

The root is light grey, altnost odourless with a 
sweet mucilaginous i.iste. It is demulcent and used 
in piles atui asthtna. Fruit and leaves are eateti (Kirt. 
cV Ihisii, II, 1165). 

Kei-Apple — vec Dovyalis 

Kelp — see Algae 

Kenaf — .se^^ Hibiscus 

Kenari-Nut Tree — see Canarium 

Keora — .vce Pandanus, Sonneratia 

KERRIA DC. (Rasaccar) 

Bailey, 1947, * 73 ^’- 

A monotypic genus, lomprising Krrria japanica 
(Linn.) IX!. ( Jai>a\e.se Rose), native of Japan, cttlti- 
vateil in Indian gardetis for ortiatnetit. 

K, japatiica is a handsome deciduous shrub, 4-6 it. 
high, with sletider hratiches atul bright green foliage. 
Leaves large, serrate : flowers abundant, yelloiv, i-: 
inches in diatneter, solitary, tertninal. Horticultural 
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forms witli double flowers an<l variegated leaves arc 
known. The plant is propagated by cuttings, layers 
and root division ; it grows in any good garden 
soil and though it endures sunlight it is best 
grown under partial shade : it thrives rather indiffer- 
cnily in India (Bailey. 1947. II. 1736 ; Firminger, 635 ; 
Parker. 230). 

The leaves and roots of the plant contain small 
amounis (o.(X)2''n) of hydrocyanii acid. The tender 
leaves constitute a rich source of ascorbic acid (200 
mg./ i(K) g.) (Wehmer. I. 43S : Chnn. Ahstr., 1951, 
45, S0S7). 

Khat — sec Catha 

Khas-khas — .see Vetiveria 

KICKXIA Duin. (ScrnpliuUiriticcac) 

D.F.P., IV, 642: FI. Br. Ind., IV. 251 : Kirt. & 
Basil. PI. 692. 

A small genus of herbs found in the region extend- 
ing from Spain and north-west Africa to Afghanistan 
and India. Two species have been recordeil in 
India. 

K, ntmosissiwd (Wall.) Janchen syn. Linaria 
ramosissima Wall. (CbV].~ -B hintgalodi, kanodi) is a 
perennial herb with nutnerous filiform hratiches, 
tnetnhranous leaves and yellow flowers. It is found 
rhrotighouf India on walls, rocky and stony places, 
ascenditig to 7,(xx) ft. in the Himalayas. It is reported 
to he ii.sed as a remedy for diabetes (Pennell, 59 : 
Santapau, /. Bombay nat, Tlist. Soc., 1950 51, 49, 26 ; 
Kirt. A: Ba.su, III, i8(x;). 

K. incana i(Wall.) Pennell syn. Linaria cahtdica 
Benth. : L. incana Wall, is a |H*rennial, found in 
I’cntral and western Himalayas, from Kashmir to 
Nepal up to S.ocx) ft., Punjab, Bihar and Bombay. 
The herb is reported to he poisonous to man and 
livestock (Chopra e/ a/., 47). 

Kidney Bean — .see Phaseolus 

Kid Skins — .see Fur and Fur-bearing Animals 

KIGELIA IX^ (Bignoniaccac) 

A small genus of trees native of Africa. One 
species has been introduced into India. 

K. pinnata DC. Common SAt^sACK Tkkk 
Hauies, IV. 660: Benthall, 347. 

A mediutn-si/ed s|)reading tree of rapid growth, 
with short trunk and long distorted branches, culti- 
vated iti many parts of India as an ornamental and 


roadside tree. The hark of the tree is greyish brown, 
rough ; leaves imparipinnate: leaflets 7-9. elliptic- 
oblong or obovaie, entire or serrate, 3-6 in. long ; 
flowers deep chocolate-red, in long pendulous pani- 
cles ; fruit gourd-like, up to 18 in. long x 5 in. diam., 
hanging by a rope-like penduncle up to 7 ft. long ; 
seeds many, embedded in fihrotis pulp. There is 
considerable difference of opitiion regarding the 
identity and synonymy of the plant cultivated in 
India with K. africana Benth. and K. aelliiopica 
Decnc. 

'Phe plant thrives in deep open soils in cool situa- 
tions, particularly on the margins of tanks, hut be- 
comes stunted vvltere the subsoil is hard or infertile. 
It is easily propagated by seeds during rains. Vegeta- 
tive propagation by cuttings has been attempted ; 
hardw(X)d cuttings, 9 in. long x 0.5 in. thick, treated 
with an acjueous .solution (20 p.p.m.) of ^-indolyl 
acetic acid for 12 hr., take root readily. Planting in 
pits, 40-30 ft. apart, has been suggested. The plant 
sheds its leaves twice during a year, hut is never quite 
hare : heavy pruning is nece.ssary to keep the tree 
straight (Cameron, 213: Firminger, 410: Colthurst, 
95 : Gamble, 517; Pratap Singh, Set, & Ctdt., 1955-5^, 
21. 737)- 
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Analysis of the fruit gave tlie following values: 
moisture, 85.4 ; crude protein, 0.84 ; ether extr., 0.88 ; 
carbohydrates, 7.93 ; fibre, 4.29 ; and ash, 0.66%. The 
flowers contain an anthocyanin, cyanidin pentose- 
glycoside, and three flavones, including (|ucrcctin 
and kaempfcrol. 'Fhc bark contains a bitter substance 
and tannic acid (Chew, Abslr,, 1935, 29, 1887 ; 
Ponniah & Sesbadri, /. sci. induslr. Res., 1953, 12B, 
605 ; Pankajaniani & Sesbadri, ibid., 1955. 14B, 93 : 
Wchmer, li, 1137). 

The wood (wt., 44 Ib./cu. ft.) is hard and of good 
ijiiality, but long pieces arc ditticult to obtain. Roast- 
ed seeds of the plant arc reported to be eaten in times 
of scarcity. The dry fruit may be used for the prepa- 
ration of active carbon. The fruit is used in Africa 
as dressing for ulcers and for syphilis and rheuma- 
tism ; it has purgative properties. The hark is used 
in rheumatism, dysentery and venereal diseases (Ben- 
thall, 347 : Bhatia & Manohar Lai, /. luduni chew, 
Soc. induslr. lulu, 1941, 4, 236: Walt & Breyer- 
Brandwijk, 171 ; Quisumhing, 877). 

KINGIODENDRON Harms (Le^uwiiutsae) 

A small genus of trees, distributed in parts of 
tropical Asia and the Pacific. One speiies occurs in 
Imlia. 

K. pinnatum (Koxb.) Harms syn. llurdickkia [uu- 
nala Koxb. Pinky 

D.K.P., IV, 201 : Kl. Br. Ind., II, 270 : Kirt. cS: Basil, 

I’l- .wy- 

'Pam. Madu\(tu kulavu' kodafudai ; 

Kan. Euiie, yeuue-mant ; Mai,. Shitndi, kiyavu, 
kodap(dl(i. 

Cooiu; —Chouptiiui, kohtvu, 

A large, hand.some, evergreen tree, attaining a 
height of i(K) ft. and a girth of 14 ft., found in the 
forests of western ghats from South Kanara to 
Kerala. Bark dark brown or green, rather rough , 
leaves alternate, pinnate: leaflets 4-7, ohlong-ovate, 
acute, 2-4 in. long ; flowers small, white, in dense 
racemes arranged in panicles : j)od cihovoid-ohlong, 
1-2 in. long, nearly filled up by seed. 

The sapwood is usually broatl and of dirty whitish 
colour ; heart wood purplish red to reddish brown, 
sometimes ornamental with liddle-back mottling, 
generally blotched with oil exudations, broadly 
interlocked-g rained and medium coarse-text tired. It 
is strong, hard and heavy (sp. gr., 0.55-0.70 : wt., 
38-45 Ib./cu. ft.). The timber is moderately refrac- 
tory to seasoning ; it may be stacked under cover and 
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FIG. 161 . KINGIODENDRON PINNATUM— TRANSVERSE 
SECTION or WOOD (vlO) 

air-seasoned under favourable conditions after green 
conversion : kiln-seasoning of i in. thick hoards has 
given good results. The sapwood is, however, liable to 
decay, discolouration and in.secl attack and should 
be discarded unless recpiired for preservative treal- 
ment. The heart wood is fairly durable : the resin 
naturally pre.senl helps to protect it against adverse 
agencies. It is also said to be durable in contact with 
water (Pearson & Brown, I, 414-16; 'frotter, 1944. 
" 3 ); 

The wood is not difliculr to saw and work to a 
good lustrous surface. It also takes a high |H)lish, but 
the resin tends to affect the finish after some time. 
It is suitable for turnery and perhaps also for rotary 
veneer work. The data for the comparative suitability 
of wood as timlier, expressed as percentages of the 
same properties of teak, are: wt., 90; strength as a 
beam, 80: stiffness as a beam, 90: suitabilitY as a 
|>ost, 85 : shock-resisting ability, 90 ; retention of 
shape, 65 : shear, kx) : and hardness, 85. The calorific 
value of the wood is: .sy//>rcoo^/— 5,1 13 cal., 9,204 
B.t.u. : lieartzvood — 5,087 cal., 9,156 B.t.u. | Pearson 
Brown, I, 416; Trotter, i<^44, 113: Limaye. ludian 
For. Rec., N.S., Ulil., 1944. 3(5), 18 : Krishna & 
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Kninaswami, ludum For. Hull., N.S., No. 79. 1932. 
'^ 1 - 

Pincy is well known in Souih India and is priinari- 
Iv used on the west coast for beams, rafters, battens, 
ceiling hoards, flooring and furniture. It luis been 
used for cordite cases, bowls and crotjiiet balls and 
is suitable for billiard tables and cue bandies. Select- 
ed stock of the timber is used for cabinet work and 
ornamental veneers. It is reported to be used for 
shipbuilding and considered suitable for plywcKul 
(Pearson & Brown, I, 416: Trotter, 1944, 114: IS: 
499-1952, 30 : ItHiian For., 1952, 78 , 274). 

The tree yields, on tapping, a dark or reddish 
brown oleoresin (balsam), resembling Copaiba bal- 
sam (from Copaifera sp|)..) in odour and taste. The 
tapping is done by boring a bole, c. inch in diam., 
in trees 5 ft. or more in girth. The bole which 
reaches the pith is placed 3 ft. above the ground and 
slopes downwards from the pith to the bark. A lip 
is lixed below the hole and the exudate is collected 
in a tin. When the flow ceases, the hole is plugged 
with a piece of wood. The tree is rested for about 10 
years before tapping again. A healthy tree of 8 ft. 
girth yields about 12 gal. of the oleoresin ; the maxi- 
tnum yield from a single tree has been reported to 
be 40 gal. Some trees yield a thin product, while 
«)thers exude a viscous oleoresin ; sometimes a tree 
is found which yields no oleoresin at all (Trotter, 
1940, 289). 

The following values were obtained for two speci- 
mens of the oleoresin: , x.lhiS. 0.997; 

90.2, 84.6: sap. val., 112.9, J03.7 : acetyl val., 79.6, 
S3.0 : volatile oil, 42.7';,,, 47.0%. It is inferior to 
copaiba balsam and does not a|)pear to have any 
great commercial p(»ssihilities. It is used locally as 
wood varnish after thinning with turpentine : the 
varnish lilm, however, dries slowly and is decolourised 
by weathering. It is employed in the treatment of 
gonorrhoea. It has also been reported to be used as 
a dressing for sores of elephants (Iyer ik Sudborough, 
/. Indian Inst. Sci., 1919, 2 , 29 : Kirt. & Basu, II, 882 : 
Rama Rao, 142). 

The oleoresin on steam-distillation yields a colour- 
less volatile oil, the yield and composition of 
which vary acetmling to the season of collection. The 
oil has a characteristic resinous odour and a pungent 
bitter taste. It has the following constants: d'''\ 
0.931, <>-9<^>^ • d '^"^\ 0.9045: , i.5(x>, i.5(M>; 

1.4949 : ~ 1.72°, -7.86"’, 9.4° : acid val., trace, 

trace, nil : sap. val., nil ; acetyl val., 12.6, 1.4, nil : and 
solubility in 95”:', alcohol, i in 5 vol. or more. The 


main consiiiuent of the oil is /:^-caryophyllene (84%) ; 
a-caryophyllene and a cadinenc ses(|uitcrpcne (2%) 
are also present. The oil may be used as a substitute 
ff)r imported clove oil |Gildeineisler & Hoffmann, II, 
601 ; Iyer & Sudborough, loc. cit. : Dev & Cuba, J. 
Indian clicm. Soc., 1948, 25 , 495 ; 1949, 26 , 263 : Rep. 
css. Oils Schimmcl, 1949-50, 12 ; Krishna & Badhwar, 
/. sci. indust r. Res., 1949, 8(2), suppl., 156]. 

The resin left after the distillation of volatile 
oil is a hard, brittle mass, greenish yellow in 
thin layers and dark brown in lumps. It is almost 
completely soluble in alcohol (90%) and is suitable 
for preparing spirit or oil varnishes. It has the follow- 
ing characteristics: m.p., 53 56''; sp. gr., 1.088; 
acid val.. 162.2 ; and sap. val., 193.9 (Iyer & 
Sudborough, loc. cit.). 

Kino — sec Butea, Eucalyptus, Knema, Ptcrocarpus 

KIRGANELIA Juss. (Fupliorhiaccac) 

A small genus of shrubs or small trees found 
throughr)ut the tropics from Africa tc» China. C)ne 
species occurs in India. 

*K. reticulata (Poir.) Baill. syn. Ph\llantlius rcti- 
culatus Poir. 

D.E.P., VI (1). 223 : C.P., 887 ; FI. Br. Ind., V, 288 ; 
Kirt. Basu, PI 857. 

Sa>:s. -Krishna kafnhoji : Hindi — Fanjuli, niaklii, 
buiwnvla ; Bknc. — Fanjuli ; Ch'j. — Datzean ; Mar. - 
Favana ; Tkl. — Nallapidi, nallapurugudu, pandi- 
harranluc, pulisar ; 'V\sx.~-Ahiranji, karunclli, karup- 
pupilatiji, tiirppul, kattu-kilanclli ; Kan. — Ananisulc, 
cliippulinrllu, hidi halli, karrsuli, sannaho^rcsoppu ; 
Mw.. - Katluniruri, ki/anclli, nirnclli ; Okiva — 
Jandaki. 

Pi NjAU Fanjuli : Dia.iii — Ncclhari, niakki ; 

Rajasi'iian -Kabonan ; A.ssam — Aniluki. 

A large, straggling or sub-scandent shrub. 5 15 ft. 
high, occurring almost throughout tropic.d India, 
ascending to 5,000 6.otx) ft. in Khasi and Jaintia 
hills, and in Andaman Islands. Leaves elliptic t(> 
oblong or obovate : flowers uni.sexual, axillary: male 
in fascicles of 2-6, female solitary : fruit fleshy, sub- 
globose, 0.2 inch in diameter, purplish black when 
ripe: seeds 8-16, irregularly trigonous. 

The plant is commcjn on low moist ground along 
river banks, irrigation channels and waste places ; 
sometimes it is found climbing among bushes. It 

* .Accoi-ainjr fo Alston (Trlincn’s Flora of Cx-ylon, siippl., 1 ‘ 731 , 
15 ')) the corrcc i iiaiiu* of iliis plant i.s Kir;.f(iuetia limata (Willd.) 
Alston 
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forms an effective hedge along with other shrubs 
and flowers nearly throughout the year; it becomes 
more or less leafless between January and February 
(Brandis, 570; Haines, II, 129). 

The leaves of the plant arc considered diuretic 
and cooling. 'Fhey contain tannic, acid, but no 
alkaloid. The juice of the leaves is used with 
camphor and cubehs (iHper cuhvba) for bleeding 
gums ; it is also used for diarrhoea in infants. In K. 
Africa, [)owdcred leaf is applied to sores, burns, 
suppurations and chafing of the skin. In Indo-China, 
tlic whole plant is used in the treatment of small 
|)ox and syphilis. The fruit is astringent and iisefid 
in inflammations and in diseases of the blood. A 
decoction of the root is given to children for coughs 
and catarrh and also for asthma. The hark has a 
iaint sweetish taste and is considered alterative, 
attenuant, astringent and diuretic. In (^hana (Gold 
Goast), the juice from the stem is used for sore eyes 
(Kirt. Basil, 111, 2219-20: Oymock, Warden & 
Hoo|)er, III, 265; Rama Rao, 355; Quisumbing, 
52S : Cains, J. Bombay nat. Hist. Hoc., 1938-39, 40, 

Ihe fruit is said to he eaten in times of scarcity 
in Fi. Africa, An ink is prepared from ripe fruits 
in the Philippines. 'Phe root is used in Madras as a 
red dye. Stems are used in N. Nigeria as roof-binders 
in conical huts : they are also used for making 
l)askets and as cliewsticks. 'I’he wood is hard, reddi.sh 
or greyish white ; it is used by some tribes in E. 
Africa for threshing flail. Wood ash in mixture 
with glue ol Diospyros c^tibryopit^ris is used for 
paving boats (Dal/iel. 15S : Brown, III, 9^^ Quisum- 
hing. 32S ; Rama Rao, 355 : (iamhle, 599). 

Kittul — sec Caryota 

KLEINHOVIA Linn. (Strrculiacrac) 

A monoiypic genus of trees distributed in tropical 
Asia, Africa and Australia. 

K. hospita Linn. 

D.E.P., IV, 06 : FI. Br. Ind.. I, 04 : Blatter (7 <//., 
PI. XIX. 

Bkn (;. — Bola ; 'I’.xM. — Patwitivku. 

A handsome, medium-sized tree with roundish 
crown and spreading branches, frequently grown in 
gardens and as an avenue tree in some parts of 
India. Ixraves simple, alternate, ovate-cordate, 4 6 in. 
X3~5 in., entire, acuminate: flowers in large ter- 
minal, much-branchetl showy clusters, small, rose- 


pink ; capsule membranous, inflated. 5-valved : seeds 
tubercled, i or 2 in each cell. 

The tree retains its leaves almost throughout the 
year and looks very attractive in bloom. The flowers 
ap|X‘ar intermittently from May to November and 
during cold weather : the delicate tracery of old 
flower stalks with curious fruits is an added attrac- 
tion. Being bushy with branches almost reaching 
the ground, the trees make a fine central object in a 
shriihhery. It is propagated by seeds. layers or 
cuttings (Benthall, 55 : Gopalaswamiengar, 232 : 
Cameron, 35; C''.hitrenden, III, 1105). 

Young leaves and flowers of the tree are eaten 
as vegetable in the Philippines. A decoction of the 
leaves is used for skin eruptions and scabies ; leaf 
juice is used as eyewash. The hark and leaves are 
poisonous and used for killing eels and as hair wash 
to destroy lice. liCaves contain hydrocyanic acid (Fox. 
Philipp, J, Sci., 19^2, 81 , 237 : Quisumhing, 605 ; 
Biirkill. II, 12S1). 

The wood is white, soft and light (wt.. 2S Ih./cu. 
ft.). The trunk is sometimes knr)tty and wood 
extracted from such trees has a twisted ap|)earance 
and black markings ; it is much valued in Java 
for knife and dagger handles. 'Phe hast yields a 
strong lihre | length. 0.933-2.4 mm. ; diam., o.ck>8 

0. 031 mm. ; mean tensile strength, 3 <k 9 kg./sep cm. 
(dry) and 2S6 kg./s(|. cm. (wet)| used for tying and 
rope making ((»amhle. 99: Btirkill, II, 1281 : Brown, 

1, 321, 322, 397). 

KNEMA I A )u r. ( Myris I icaccac^ 

A genus of trees found in south-east Asia and 
Malaysia. About 4 s|)ecies occur in India. 

K. angustifolia (Roxh.) Warb. syn. Myristica lon^i- 
[olia Wall. var. rrratua Hook. f. (FI. Br. Ind.): A/. 
^ibbosa Hook. f. 

13.E.P., V, 314 : FI. Br, Ind., V, 1 10 (in part) ; King, 
Ann, R. bot. Gdus, Calcutta, 1891, 3, 323, PI. 162. 

Assa.m — Afota-pasuti, tezrau^a, mamui ; (i.xKO - 

Bohlatichi : Khasi — Dicfi^-snn-lafi^-suavi ; Nkpai. 

RajHgtnva. 

An evergreen tree, up to 65 ft. high, found in 
Sikkim Himalayas. Assam, (hiro, Khasi and faint ia 
hills. Branchlets sometimes lomentose : hark greyish 
brown with white patches, exfoliating in large thin 
flakes, reddish inside, exuding copious hlood-red 
juice : leaves variable, usually lanceolate, 4 f6 in. 
X 1. 2-3.5 in., thinly coriaceous, pale beneath and 
shining above: flowers unisexual: fruit 0.75 1.2 in. 
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long, 2 or 3 borne on axillary, wooily lubcrclcs ; aril 
intMiibranous. 

"I'hc red Hiiid from the tree is cmployeil in Assam 
as a varnish : when painted over timber, it renders the 
wood impervious to moisture. The dried fluid or kino 
contains 33.6*;;. tannin and resembles Malabar kino 
(from Ptcrocarpus marsupium) in appearance. It is 
astringent and is used for dysentery aiul as an applica- 
tion for mouth sores in Assam (Kl. Assam, IV, 45 ; 
Hooper, /igne. Ledger, i9<.)o. No. 5, 44 : 1902, No. i, 
49 )- 

K. attenuata (Wall.) Warb. syn. Myrisliat allcnunta 
Wall. 

FI. Br. Ind., V, no; King, Ann. R. hot. (Idns, 
Calcutta, iSyi, 3 , 316, PI. 152. 

Taw. — Chora pat/iiri ; Kan. — Rukt inara, hvda^gal, 
kainiara ; Mal. — Chora panu, chcn-nclli. 

Bombay -Ra^trorar. 

TKAim—Jathikai. 

A tall tree with straight cylindrical bole, 20 ft. 
long X 5-6 ft. girth, found in the evergreen forests 
of western ghats from Konkan southwards toTrtivan- 
corc, up to a height of 3,(X)o ft. Leaves 3-9 in. long, 
elliptic or oblong-Ianccolatc, acute or acuminate, 
glaucous above and rusty pubescent l)cncath : 
iti florescence ftirfuraccously tomentose ; flowers 
unisexual: fruits ovoid, i ij/i in. long with short 
point or beak, densely furfuraceously nisty-tomentosc : 
aril brilliant crimson, entire, except towards apex. 

The wood is |)inkish to pale red when first exjxiscd, 
ageing to a uniform light reddish brown or pale 
brownish grey with streaks c»f dark brown or irre- 
gular patches along grains. It deteriorates r;ipidly 
in log condition, but seasons with little degrade if 
converted when green and the planks stacked in the 
opeti. It is moderately hard, light (wt., 32 lb./ 
cu. ft.) and fairly durable under cover, but suscepti- 
ble to insect attack. It .saws easily and planes to a 
shiny smooth surface. The data for its comparative 
suitability as timber, expre.ssed as percentages t>f the 
same properties of teak, are: wt., 75; strength ;is a 
beam, 55 : stiffness as a beam, 75 ; suitability as a 
|)ost, 60; .shock-resisting ability, 45: retention of 
.shape, 65; shear, 90: and hardness, 50 [Pearson & 
Brown, II. 82 (v- 22 : Limaye, Indian For. Rcc., N.S., 
Util., 1944. 3 (5), 22\. 

The timher is u.seful for all purposes where a light, 
hatirlsome, easily worked wood is recpiired. It should 
yield a good board- wood and a sinKuior box-wood 
and may be tested also for three-ply work. It is said 



FIG. 165. KNKMA ATTENIJATA-TRANSVHRSE SECTION 
OF WOOD ( X 10) 

to be suitable for match boxes and splints, and for 
light and heavy packing c.n.ses. Large (piantities of 
the timber arc available from Madras, Mysore, 
Coorg and Travancore areas, though it is didicult to 
extract the timber from the dense lorests in which 
the trees are found (Pearson & Brown, II, S20-22 : 
Rama Rao, 340; IS: 399-1952, 33, 35). 

A fixed oil is obtained from cru.shed seeds of the 
plant by extraction with petroleum ether. On cooling 
the extract to room temperature, a phytostcrol 
(m.p., 123") settles out ; a second crystalline .substance 
(m.p., 98°), probably a phenolic acid separates 
on cooling the petroleum ether extract t<i o*^. The 
seed fat, free from solvent, has m.p., 34® (Pillai dk' 
Nair, Rep. Dep. Res. Univ. Travancore, 1939 4b, 
488). 

K. linifolia (Roxb.) Warb. syn. Myristica linifolia 
R<ixb. : A/, lotnrifolia Wall. (FI. Br. Ind.) in part. 

FI. Br. lnd.,‘ V, 1 10 : FI. As.sam, IV, 44 ; King, 
Ann. R. hot. Gdns, Calcutta, 1891, 3 , 324, PI. 164, 
166. 

Assam — Garo-hhala ; lyUSiiAi Tring-thi; KiiAsr — 
Dieng-tyrkhou ; Nefai. — Rainguwa. 
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A lofty tree, up to 6o ft. liigli, found in North 
Bengal, N.E.F. tract, Assam, lAishai, Caro, Khasi 
and Jaintia hills. Bark rough, greyish hrown with 
deep pink blaze, exuding profusely a blood-red juice ; 
leaves 12-20 in. x 2.5 in., elliptic-oblong, coriaceous : 
flowers unisexual : fruit often solitary, ellipsoid, 
velvety, iJ/2-2 in. long, with thin pale yellow aril 
covering the seed. 

'fhe juice exuding from the hark is reported to he 
caustic : the juice, and tlie smoke from hurning hark, 
are reported to produce sores. The wood of the tree 
is cream-coloured : it is used for house building 
purposes, hut is not tlurahle in contact with ground 
or on exposure to rain (FI. Assam. IV, 45). 

K. frl(tuci‘sc(*ns Jack syn. M\nsticn ^flauccscms 
Hook. f. (FI. Br. Ind.) in part, a medium-sized tree 
with linear-lanceolate leaves and ovoid or ohovoul 
fruits, c. i.o in. long, is found in the evergreen forests 
of Assam, Andaman and Nicobar Islands. The 
correct nomenclature of this species is doubtful. It has 
been considered by some to he synonymous with K. 
inalayana Warh., while according to others they are 
distinct. In Malaysia, the wood of K. Malayana is 
reported to he tised for house building purposes. It 
is hard (wt.. 44-4H Ih./cu. ft.), hut susceptible to dry- 
wood termites. The seeds and aril have the odour 
of black |)ep|)er and are eaten by pigeons (FI. Assam, 
IV, 45: Parkinson, 223: Burkill, II, 1283; Desch, 
1954, II, 3S0 : King, Ami. R. hot. (Uhis, Cakuita, 1891. 

Knol-Kohl — .sec Brassica 

KOCHIA Roth [Chciiofyodutcedc) 

A genus of villous or puhesceni undershruhs or 
herbs, distributed in middle and south Furo|ie. 
temperate Asia. N. and S. Africa, Australia and 
N.W. America, 'riiree species occur in India. 

K. indica Wight 

1 ).F.P., IV. 567 : FI. Br. Ind., V. 11. 

Punjab — Kauni-ro, hui, hui-clihoti. 

An erect, softly hairy annual, with diffuse branches 
arising from the base and linear, oblong leaves, 
found in N.W. India from Delhi westwards and also 
in Deccan Peninsula, in the saline soils of Coimba- 
tore district. 

The plant is a common, sometimes troublesome 
weed, particularly in the irrigated saline soils of 
Punjab : it also occurs on canal hanks, roadsides, etc. 
It is propagated by seeds and grows A'igorously. It is 



FIG. 166. KOCHIA INDICA 


subject ti' wilt caused by Rhizocionia sp. (Sahnis. 
/. Bomh(i\ flat. Hist. Soc., 1940-41. 42 , 55S : Das 
Gupta wSharma. Rroc. hiduiu Sci. f.'o/zgr., 1954, 
pt HI, 127). 

K. indica thrives well in the desert areas of Egypt, 
where it was acchlentally introduced from India and 
furnishes fodder for camels : it sometimes develops 
a prostrate habit, probably as a result of damage to 
the main shoot hy grazing or tratnpling. Since the 
plant thrives well in the African desert, it may he 
tried also in the desert regions of Rajasthan, which 
lies within the .same latitudes |Chatlerjee, Indian 
Fniir^ 1953-54* 3 (2), 20: Thoday. Rezv Ball., 

1956, 161]. 

The plant is relished hv camels, cattle atui mules. 
Dried plant is used as fuel. The plant is reported to 
be used as a cardiac stimulant in cases of weak and 
irregular heart (Chat ter jee, loc. cit. *. Kirt. Basu, 
111, 2080). 
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K. t)rostnita Sihracl. is a villoiisly piil>cscent, low 
uiulershriil) with stout, woody rootstock, slender, 
erect or spreading branches and flat linear leaves. It 
is found in western Himalayas, in the dry regions of 
Kuna war and Zanskar. and in western 'filiet at 
altitudes of 10.000-14,000 ft. The plant predominates 
on light chestnut soils, characteristic of semi-deserts 
and deserts, in the U.S.S.R. and in association with 
Artcviisui, affords good grazing during spring, 
summer and autumn. Analysis of the plant gave the 
following values (dry basis): crude protein, 9.8; 
ether extr., 3.0; crude fibre, 35.3: and N-free extr., 
39.2V^> : digestible nutrients: crude protein, 4.1 : and 
starch e(|uivaleni. 16.0%. It contains ascorbic acid 
(Sahnis, loc. cit. : Jt PnhL iml>. tUfric, Bur., 1947, 
No. 10, 129, 140, 204. 224: Cbeni. Ahstr., 1954* 48 , 
12242). 

K. senparin Schrad. is a tall herb, 3 5 ft. high 
with erect branches found in N.W. India. It is 
reported to he eaten by cattle. Trials carried out in 
(lanada show that an annual yield of 3. 1-5.0 tons of 
dry matter per acre can he obtained. Analysis of 
early cut plants gave: dry matter, 86.9: crude pro- 
tein, 18.7 : ether extr., 2.1 : crude lihre, 17.1 : N-free 
extr., 32.3 : and total ash, 16.7 0: carotene, 19 mg./ 
11).: digestible nutrients (dry basi.s): crude protein, 
18 : and total nutrients, ^7 The plant is resistant 
to drought and grasshoppers, is rich in protein and 
carbohydrates, and yields hay and silage of high 
potentiality. In ol<l plants (about 3 ft. in height) the 
main stem becomes rather hard and woody, when 
it ])ecomes le.ss suitable as a dry forage crop (Bell 
et (iL, Sci. /Ign'c., 1952, 32 , 463). 

'rhe plant is reported to be used, sometimes, for 
making brooms. It is used in China for medicinal 
|)urposes : the fruits and leaves are said to possess 
cardiotonic and diuretic properties. The leaves and 
seeds contain saponin (Neal, 284: Roi, 120; Kirt. & 
Basil, III, 2081 ; Wehiner, I. 287). 

A form and variety of K. scoparia, commonly 
known under the name AC. trieliopliylla Voss. 
(SoM.MF.R Cypress, Fire Bush) is cultivated in 
gardens for its dense, globular or pyramidal habit, 
and narrow, needle-like leaves, which turn purple 
when old (Bailey, 1947, II, 1755: Copal.aswamieiigar, 
440 - 

KOELERIA Pers. (Gramineae) 

A small genus of annual or perennial grasses 
distributed throughout the temperate regions of the 
world. About 4 species are recorded in India. 


K. cristata Pers. Crested Hair Grass 
D.E.P., IV, 567 ; III, 436 : FI. Br. Ind., VII, 308. 
A slender, densely tufted, stoloniferous perennial, 
I '3 ft. high, with narrow flat leaves, found from 
Kashmir to Nepal at altitudes of 5,(xx)- 13,000 ft. It 
is sometimes grown for lawn decoration on o[)en dry 
ground. The grass yields a good fodder. Analysis of 
grass from Gulmarg (9,000 ft.) gave the following 
values (dry basis): protein, 8.85 : ash, 8.29 : ether 
extr., 2.59 : crude fibre, 38.52 : carbohydrates. 40.65 : 
calcitim (CaO), 0.50 ; and phosphorus (P2O.,), 0.60%. 
The ash is reported to be rich in silica (Bailey, 1947, 
*755 • Chopra et id., Indian J. a^ric. Sei„ 1956, 
26 , 442 : Wehmer I. 78). 

AC. plileoides Pers. is an erect or ascending annual, 
1-2 ft. high, with erect, flat, acuminate leaves, 
recordecl in Kashmir, Punjab and Delhi. It is consi- 
dered to Ik' a good fodder grass. Analyses of grass 
from Srinagar and Thratay (5,000 ft.) gave the follow- 
ing values respectively (dry basi.s): protein, 10.96, 
5.91 : ash, 18.93. *4-9<>- ether extr., 2.14. 2.91 : ertide 
fibre, 24.73, • carbohydrates, 41.68, 41.85 : cal- 

cium (CaO), 0.87. 0.65 : and phosphorus (P/) ,). 0.69, 
0.74% (Stewart, Brittnnia, N.Y., 1945. 5 , 430 : Chopra 
et al., loc. cit.). 

Kohlrabi — see Brassica 

Kokam Butter Tree — see Garcinia 

Kokko — see Albizzia 

Kola Nut — see Cola 

Kuth — see Saussurea 

KOPSIA Blume {Apoc^naeeae) 

l"l. Br. Ind., Ill, 639 * Corner, I. 145 : II, PI. 21. 

A small genus of trees or shrubs, natives of tropical 
Asia, distributed eastwards to the Philippines. A few 
species are cultivated in Indian gardens for ornament. 

AC. fruticosa A. DC. (Pink Kopsia : Tel, — Gutii- 
ganneru) i.. a handsome evergreen shrub, 4-6 ft. bigh. 
with glo.ssy lanceolate leaves and pretty pink flowers, 
which appear nearly throughout the year. It is a 
native of Burma, often cultivated in Indian gardens 
for ornament. It thrives in partially shaded situations 
in any good soil and can be propagated by seeds, 
cuttings f)r layering (Gopalaswamiengar, 277 : Ben- 
rhall, 302). 

The leaves and bark of the plant contain a bitter 
indole alkaloid, kopsine fC22H2flO^Na ; m.p., 217 18^ 
(decomp.); +16.4° (in alcohol)], which on 
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mild hydrolysis with alcoholic ammonia gives kopsi- 
dinc ICaoHaiOiNg ; m.p., 142® (decomp.)| ; kopsidi- 
nine [C,JIaa()aNa ; m.p., 248® (dccomp.)] is obtained 
from kopsinc by hydrolysis with strong alkali. 
Mature leaves of the plant contain 0.12"., kopsinc 
and the hark, 0.06%. Kopsinc forms well detine<l salts 
with perchloric, picric, oxalic and other organic 
acids, hut not with mineral acids, because of resini- 
lication. It has been found to possess cholinergic 
action. 'Fhe seeds are reported to contain 1.77'. of 
an alkaloid (Wehmer, II, 989 ; Bhattacharya ct al., 
/. Amcr, chew. Soc., 1949, 71 , 3370 ; Bhattacharya. 
ibid., 1953. 3^* ’ 1956-57, 22, 120; 

Mukherjee et al.. Nature, Loud., 1957, 180 , 916). 

The plant is re|)orted to have been used as a source 
of arrow [>()ison. In Malaya, the root of this and 
other species of Kopsiu is used for poulticing ulcera- 
ted noses in tertiary syphilis (Bhattacharva et a!., loc. 
(it. : Burkill, II, 1286). 

K. (dhifiora Boerl. syn. Ctdpicarpum alhifioruw 
"I eijsm. & Binn. is a native of Malaysia, re|)orred to 
he cultivated in Indian gardens, 'i’he seeds and leaves 
('otitain an alkaloid ; the latter contain o.oTV, of 
kopsinc (Wehmer, 11 , (^89 ; Bhattacharya, Sci. & 
Cult., 1952 53, 18 , 2(;3 ; 1956-57, 22 , 120). 

K. Ilavida Blume, a medium-si/ed tree, native of 
rain forests at low altirudos in Java, is highly orna- 
mental when in bloom. I’he seeds of this plant, as 
also those of K. arharea Blume, also a native of Java, 
contain an alkaloid (Neal, 609: Wehmer. 1 1 , 989* 
Chopra, 501 : Burkill, II, 1286). 

Kousso — see Hagenia 
Kraits — see Snakes 

KRAMERIA Loell. (Leifinuiuusiie : I^olv^idaceae) 

IXE.P., IV, 56S : Bailey. 1(^47, H. 1757. 

A small gentis of woody shrubs or perennial herbs, 
native of the warmer parts of America. 'The roots of 
some of the species are medicinal. 

K. triaudra Rui/ Pav. is a low sjn-eading .dirub, 
distributed in Peru and Bolivia. 'I he dried roots of 
the plants were formerly official in B.P. and U.S.P. 
under the names Peruvian Rhatany and Krameria 
Hoots (Radix Ratanbiae), and are reported to be 
imported into India. Peruvian rhatany has a knotty 
or many-headed crown and numerous branching 
rootlets : the bark is thick, about (Mie-third the radius 
of the root, and can be easily peeled. The drug is 
odourless : the bark has a strongly astringent taste, 
but the wood is practically tasteless. 

The activity of the drug is attributed to the 


presence of a phlobatannin, krameria (rhatania) 
tannic acid (8-9%). which is concentrated mostly in 
the bark. Other constituents present in the drug are; 
krameria red (huined by the decomposition of 
tannin), rhatanine (N-meihyl tyrosine, o.7‘X»). kraine- 
ric acid, starch, .saccharine ttialter, a wax, a gitm and 
calcium oxalate. I’he roots contain c. 407.'. total 
tannin : they are used along with other tannins for 
tanning leather to a deep brown colour (B.P., 1948. 
302: U.^S.D., 1(^55. 1731 : Youngken, 442-44: Trea.se, 
424-25; Wehmer. I. 507 : Brady. 59293: Howes, 
1953. 280). 

Peruvian rhatany has been used as an astringent 
and tonic in the form of dry extract and in tinctures. 
It has been used successfully in chronic diarrhoea 
and pa.ssive haemorrhages, and l<»callv in leuconhoea 
and ophthalmia. The powder mixed with chalk or 
myrrh is useful as a dentifrice, particularly for 
spongy and bleeding gums. It is u.sed also for mucous 
discharges in menstrual di.sorders and incontinetuv 
of urine. Ix)zenges containing rhatany and cocaine 
are reported to be useful for coughs and sore throat. 
Tiiictura Krameria (after dilution with water) is u.sed 
in gargles for inflamed throat and as mouth wash 
in stomatitis. Extractum Krameriae Siccum is given 
in pills as an intestinal astringent : it is also used, 
with opium, as a suppository for bleeding or prolaps- 
ed haemorrhoids. In the form of an ointment, it 
promotes epitheli/ation of wounds. Preparations of 
krameria are incompatible with gelatin and with 
salts of iron (Wren, 295 ; AII|K)rt, 2 (m^ 10 : Steinmet/, 
II, 377; U.S.I).. 1955. 1731 ; B.P.C.. i(;4(;, 466). 

Krameria argentea Mart., a Bra/.ilian species, 
yields Para Rhatany which is used as a substitute for 
Peruvian Rhatany. Other species of Krameria yields 
ing rhatany roots are K. tomentosa St. llil. syn. K. 
ixina Linn. (Savanilla Rhatany) and K. parvifolia 
Benth. (Range Rhatany) (Wallis. 357 : Trease, 424 : 
Youngken, 442 : B.P.C^, 1949. 465 : U.S.D., 1955, 
1731 : Wehmer, I, 508 : Krochmal et al.. Ecnn. Hot., 
*954’ ** 3 V 

The roots of Indian Sarsaparilla (from Hemidesmus 
indicus R. Br.) are sometimes used as substitute for 
rhatany. Large pieces of Indian sarsaparilla occa- 
sionally bear a resemblance to small pieces of para 
rhatany : they are readily distinguished from the 
latter by their agreeable odour, resembling coumarin. 
and bv the difference in the transverse section 
(Walli.s. 358). 

Kudzu — .w Pueraria 
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Kulang — ser Birds 
Kumbi — .v<r Careya 
Kumquat — see Fortunella 
Kurchi — srr Holarrhena 

KURRIMIA Wall. (CHastnurae) 

A small genus of trees distrihuted in south-east 
Asia and Malaysia. Two species ortiir in India. 

K. indica (Bcdd.) Oanihlc syn. K. hilhirlita M, 
Laws. : K. lyanh utnUt M. Laws. (Kl. Br. Ind.) in parr, 
non Wall. 

V\. Br. Ind., I, 622 : FI. Madras, 207. 

'Lam. 

i\ large evergreen tree with large, coriaceous, cons- 
picuously nerved leaves, found in the evergreen 
forests of western ghats. Anamalais, hills of Tinne- 
vellv and 'I’ravancore at altitudes of 3 ,<kk) 6,<k)o ft. 
I'lowers pale yellow' : capsule with two ohlong. etpial 
lobes, 1.5 in. long. 

'rhe wood of K. ituliat (wt., 34-43 Ih./cu. ft.) is 
pale greyish brown and moderately hard. The tiin- 
i)er from the allied species, K. pinikulaia Wall, ex 
M. Laws., occurring in Malaysia, is reported to he 
used for posts, beams and floor hoards. The fruit is 
eaten, hut the pulp is reported to he tasteless (Gam- 
ble, 177-7H: Burkill, II, 1288: Corner, 1 , 190). 

K, robusta (R<jxh.) Kurz syn. K. pttlchcrrima Wall, 
ex M. Law's. 

FI. Br. Ind., I. 622 : FI. Assam, T, 270. 

As.sA.Nt -Hiuguri ; Kiiasi Dknjr-niai-zvci ; dicu^- 

A large tree, up to 90 ft. in height and 5 ft. in 
girth, w'iih oval crowm and spreading branches, 
found in north Bengal, Assam, Khasi hills and 
south Andaman Islands. Leaves ohlong-lanceolate. 
4-7 in. X 1-2 in.: fruits iJ/i-2 in. long, one-ccllcd 
and one-seeded. The wood (wt., 44-48 Ih./cu. ft.) is 
reddish brown and coarse-grained, with close concen- 
tric lines of soft tissue. It is said to he brittle and not 
durable : it is considered excellent for cabinet work 
iti Malaya (Burkill, II, 1288). 

Kusam — see Schleichera 

Kuthan — .see Hymenodictyon 

KYANITE 

Kyanite is an aluminium silicate mineral (ALO;,. 
SiO.^ : Al./).„ 62.93 SiOo, 37.07';,, : sp. gr.. 3.6 : 
TL. 4 7) crystallizing in the triclinic system. It 


occurs usually as long-hladed crystals or as fine grain- 
ed massive rocks. 

The mineral has the same chemical composition as 
andalusite and sillimanite, but differs from them in 
physical and crystallographic properties. It is denser 
than andalusite (sp. gr., 3.15) and sillimanite (sp. gr., 
3.23). Its hardness varies along different faces ; thus 
in the bladed triclinic form, the hardness along the 
length is 4-5, that across is 7 ; due to this property, 
kyanite is sometimes known as Disthene. When 
heated to 1540®, kyanite is converted, with expansion 
in volume, into mullite (3Ala0.,.2Si02), a stable 
refractory ; on raising the temperature beyond 1810®, 
mullite begins to soften. 

Kyanite is of metamorphic origin derived from 
aluminous .sediments, and f)ccurs chiefly in gneisses 
and schists, often associated with corundum, andalu- 
site, staurolite, garnet, and rutile. Pure kyanite is 
colourless, but due to the presence of impurities the 
mineral is usually pale sky blue to deep blue in 
colour : greenish and ycllowi.sh varieties are also 
found. Transparent varieties arc used as gem stones. 
Kyanite is used in industry, after calcining, as a 
refractory, especially for lining glass furnaces and 
furnaces for smelting non-ferrous metals. 

Kyanite occurs widely, usually, disseminated in 
small (|uantitics, witli other minerals. In commercial 
(piantities and grades, it is found only in a few 
countries notably in India, U.S.A. and Kenya ; it is 
also found in Australia and U.S.S.R. The largest 
deposits in the world are found in Bihar. In 1954. 
India was the leading producer of kyanite with an 
output of 42,330 tons, followed by U.S.A. (36,000 tons) 
and Kenya (4,018 tons). However, in 1955 anil 1956 
the production of kyanite in India was much lower 
than in U.S.A. 

DiSI’RIBUriON 

And lint Pradesh -In Nellorc district, kvaniie 
occurs associated with quartzite and (piartz schists 
near ChiuKli Chattram (i5“6': 79®38') in a series of 
ridges striking N.N.F. to S.S.W., terminating at Male- 
konda hill. The mineral (ALO..,, c. 58%) occurs in 
the form of lenses, sometimes up to 20 ft. long. The 
deposits are irregular and the re.serves, within a 
depth of 10 ft., are estimated at 2.000 tons \Rec. geo/. 
Surv. India, 1955. 79 (pt 2), 668 1 . 

A small deposit of kyanite is found in the mica 
schists of the hillock, north-west of Saidapuram 
(14® 10': 79° 44') in the Ncllore mica belt. The mineral 
is found in pockets and lenses over a length of 200 
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yd. 'rranspareni gem varieties i)f kyaiiitc oiair in 
this locality and also at Chiindi Chattranr«fKrishnaii, 
A/cm. gcoL Surv, India, 1951, 80 , 154). 

In Warangal taluk, kyanite occurs in small (jiianti- 
ties in granite c|iiarrics near Gharihpet (i7''29': 80^38') 
(Chatterji, Indian Ceram., 1954-55, 1 , 176). 

Riliar — Kyanite occurs in a belt, about 80 miles 
long X 10 miles wide, stretching east along the 
western part of the former Seraikela State through 
part of northern Singhbhum, thence through 
Kharswan and Seraikela into Dalbhum, turning to the 
south-east as far as Shivai Dungri (22'’2i' : 86^40'). 
For a greater part of the length, it follows tlie 
northern flank of the Singhbhum copper belt. 

The most important deposit is found at Lapsa 
Burn (22^48' 185^44') in llie former Kharswan State, 
where massive kyanite occurs in association with 
corundum as segregations in the more acidic kyanite- 
(piart/ rocks. Some deposits are comptJscd of almost 
pure kyanite. Specimens of kyanite from the deposit 
analyzed to 61.4 65.0 : SiOa, 32.5-35.4 : Fe.O;,, 

trace 1.5; CaO, 0.6-3.! : and TiO^, 0.52 Vn. The re- 
serves at La|>sa Burn deposit arc estimated at 7 (K).<kjo 
tons up to a depth of 10 ft. (Dunn, Mem. geo/. Snn\ 
India, 1941, 78 , 154 : Mineral Produeiion in India, 
Indian Bureau of Mines, 1956, 78). 

The principal deposits of massive kyanite in Singh- 
bhum district arc found near Ghagidih (22^45': 
86" 11'): l)etween Ba<lia (22 "30' ; 86^28') and Bakra 
(22*^29': 86° 1 1 ') : near Kanyaluka (22°28': 86"3i') : 
and at Mohanpur (22°34':86°32'). The kyanite from 
(ihagidih analyzed to Al/);,, 60.7 60.8 : SiO^, 34.7 
36.0: hc^O;,, 0.07 2.3: and TiO^, 1.18-1.2'V,. Trans- 
parent gem varieties of kyanite occur near Badia. 
The Kanyaluka mineral is rather high in iron and 
is not suitable for use as a refractory. Some of the 
workable deposits in the district are getting rapidly 
exhausted. 

Deposits of lesser im[X)rtance are foutid at Kakha 
Mines f22°38':S6"22') : Uparbanda (22°34';86°28') : 
(liirugora (22^33': 86"3i') ; Bbakar (22"23' : 86"36') ; 
Shirbai (22"2i' : 86°39') : Singpura (22°22' : 86°35') : 
and Daontanri (2 2°3o':86°9'). Massive kyanite rock 
of commercial grade has been found only at Upar- 
banda : sam|>lcs from the deposit analyzed to Al./).,, 
59-64; SiO^, 31-36: FcaO;,, 0.7-1. o: and TiO:.. 
o.2i-3.(X)%. Specimens containing segregations of 
both kyanite and andalusiie have been observed 
south and west of Daontanri. 

In Manbhum district, small deposits of kyanite 
rock occur along a narrow belt extending from 


Ichadih (22°4': 86° k/) to Salbani (23°4' : 86 ’ 1 7'). Due 
to its high mica contetit, the rock is of little commer- 
cial importance. The reserves in this area have been 
estimated at 6,fxx) totis. Massive coarsc-bladed kyanite 
of poor (piality also occurs at Rangailib (23°!': 
^5 53 )• Dccasional blocks and pieces of kyanite are 
found scattered on tbe surface of mica schists 
between Barabhum railway station and Berasi Siram 
(23°7':86 °i') : the kyanite is usually associated with 
corundum. I'hough the deposits are sparsely distri- 
buted over a wide area, tliose near Berasi Siram, 
llaitiral {23”6': 86°3') and Bandudih (23^6' : 86"6') 
appear to be worth pros|K'cting. A specimen from 
Bandudih analyzed to AloO,. 63.75 ’• 30.90 : 

Fc.X).„ 3.25 : and CM, 2.18”., \Rec. geo/. Surv. India, 
* 9 .^ 3 * (P*^ t)’ 7 ^ • Dey. Rec. geol. Surv. India, 1954. 

80 , 410]. 

In the former Seraikela State, deposits of kyanite 
«)ccur as segregations in (|uartz-kyanite rocks and also 
as detrital boulders between Padampur (22°48'; 
S5°55') and Kiiku Dungri (22^47' : 86" i'). Boulders of 
kyanite rock are biirly abundant on the slopes of 
Bidag hill and in the plains surrounding it. about 
\Vz miles west of Nakti (22^43' : 85"3(/). Smaller 
deposits are found at Karaikela and Jhar (^ohindpur 
(22°48':86°5') [Gupta. Rec. geo/. Surv. India, 1955. 
79 (I»t 2). 543 l- 

Bombav — In Bbandara district, small (|uantities of 
kyanite-tf)paz-dumortierite occur at Mogra, (iirola, 
(ianglewara, Sonekhari. Pawar Dawna and Sarethi. 
The deposits arc t)f poor (piality. 

Madras — In Coimbatore district, small (piantiiics 
of kyanite ocTur near Kanjikoril (1 1 "22' : 77"36') in 
as.sociation with corundtim. '^rransparenr varieties of 
the mineral are used as gem stones (Krishnan, A/eo/. 
geo/. Surv. India, i(;5i. 80 , 154). 

Mysore -In lla.ssan district, kyanite occurs in 
7 'hirumalapur and Mavinkere taluks. 'Phe mineral 
occurring in the Thirumalapur area is of bladed 
variety, and the reserves are estimated to be not 
more than 50.0(K) tons : however, there are other areas 
in the same region containing kyanite. In Mavinkere 
taluk, massive bluish kyanite occurs, in association 
with corundum, in an area S80 yd. long a 220 yd. 
wide. Investigations of the exposed area indicate 
that the load extends beyond a depth of 30 ft. 
The mineral contains 58-62% alumina and the 
reserves in this area are estimated at 25o,(X)o ttuis 
up to a depth of 30 ft. (Narayanaswamy, Indian 
Minerals, 1954, 8, 158 : Miner. Yenrh., Wash., 


327 



KYANITE 


Orissa In Mayurhiiaiij district, kyanitc-tjuarlz 
rock occurs about 3 furlongs cast of Panijia (22^3': 
S6‘'4 i'). 'I’hc rock is often free from c|uartz, mica and 
tourmaline, and is suitable for industrial use. The 
eastern flank of the deposit is rich in dumortierile. 
Kvanite specimens from this deposit contain 
alumina and the reserves in this area arc estimated 
at i.5(K) tons. Small (jiiantities of kyanite are being 
extracted from this deposit | Iyengar, Rcc. gt'oL Surv. 
India, 1954, 86 (pt 1), 103 1 . 

Punjab — Kyanite of the gem variety occurs near 
Narnaul, Kanaur and Hashabr in Patiala division. 

Rajasthan- Small veins and pockets of coarse 
Idaded kyanite have been found near Kishangarh 
(26'’y':74''5a'). Sanscra ( 25 ° 5 ': 73 '’ 45 ')- l^wal 
Warlia (2.^42'; 74 ”y); Sarwia 
(23'’45': 74*^7') and Gudos (26°2(/ : 74'^‘46'). The occur- 
rences are of minor importance [Sethi, 112; Sinha, 
Rtr. trcol. Sure. India, 1949, 82 (pi i), 56|. 

M|MN<;, TKKA'i’MKNT AND UsKS 
Kvanite is (piarried or merely picked up from 
surface soil, l^arger blocks arc broken Ixdbre dispatch. 
'The presence of corundum in the rock is advantage- 
ous, as it reduces the jKreentage of free silica formed 
when kvanite is calcined to mullite, 

'Fhe suitability <)f kyanite rocks for commercial 
use is determined by its chemical composition. Por 
refractory purposes, kyanite should contain but 
negligible (juantities of im|)urities like iron oxide, 
free silica, oxides of calcium and manganese, and 
alkali ; these impurities markedly reduce the soften- 
ing |)oinl of mullite and so alTect the utility of 


TABI.K I— PROnuenON OF KYANI tF IN INDIA 


(Qly in 

tons aiifl \al. in 

thousand Ks.) 


Qty 

Val. 

mi .V) (av.) 

12,792 

196.2 

mi 41 (av.) 

22,682 

.S 4 I ,2 

mi 46 (a\.) 

I 6 .. 10 (t 

497..1 

I'H 7 .SI (av.) 

24 ,.S. 1 S 

2 .. 167 .I 


26.882 

6 . 416.9 


I.S ,474 

2 , 466.0 


42 ,.V 10 

8 , 781.0 

I 65 .S 

11,741 

1 , 671.0 

IM 56 

20 , 1 . 1.5 

4 , 714.0 

19 .S 71 

18,120 

4 , 4 * 40.0 


[■ Provisional. 


IAb!® 2 -si AIK-WISE PRODUenON OF KYANITE 
(Qty ill tons) 


Andhra 

19 .S 4 

I 95 .S 

1956 

I 957 t 

Prado h 

42 

20 

289 

14 

Bihar 

41,874 

11,486 

19,846 

18,107 

Mysore 

286 

11 



Orissa 

T'otal qly 

1.18 

224 

•• 

•• 

(ton.s) 

42 . 4.10 

11,741 

20 , 1.15 

18,120 

'Fotal \al. 
(tliousand 
rupees) 

1 Provisirnial. 

8,781 

1,671 

4,714 

4,490 


TABLE J— PHODUenON OF KYANITE (GRADEWISE) IN 19% AND I 9 V; 
(Qly in Ions) 

IVr lent ahiinina (AIJ).,) 

A I_! ^ 


4 : 

5 50 

50 55 

55 60 

Above 60 

'Total 

Bihar 

40 

I.II 4 

17,826 

876 

19,846 

Andhra 



289 


289 

Bihar 



16,465 

882 

18,107 

.Andhra 



14 


14 


I ABLE 1-EXPOR IS OF KYANITE 


((,)ly in tons and val. in llioiisaiul Hs.) 



Qty 

Val. 

I‘T 5 | 52 

2 2 . . 5*42 

4,925 

19 .S 2 .S 4 

21,621 

6,809 

1954 54 

15,168 

. 1,796 

I 9 .S 4 55 

24,414 

5,944 

1955 56 

41,424 

7,740 

1*456 57 

24,924 

7,421 

1957 

24 , 4.56 

7,525 

1 ‘>58 

19,158 

5,67 1 


TABLIi -i-PHIUi or- KYANITE (l-.O.B.) CALCUTTA'— 1954-57 




(Ks 

. per ton) 



< iraile 

1 * 4.54 


19.55 

I 9 .S 6 

1 * 45 V 

Hi)j;h grade 
(ALO,, 68 ';.,) 

260 


280 

400 .150 

440 450 

1 -ou grade 
(Al/).., 58 "„) 

140 


160 170 

160 1*40 

190 210 

• Information 

from 

the 

Bengal 

(•hamher of 

Commerce, 


CaKutta. 
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kyanitc as a refractory. Kor eliminating the iinpiiri> 
lies, the cjiiarricd rock is crushed and concentrated 
hy froth dotation : (jiiartz and other heavier im- 
purities settle down and are removed : limonite, mag- 
netite and pyrite are removed l)y magnetic separation. 
The mineral may or may not Ik* calcined before ship- 
ment. Indian kyanite, dressed and calcined in U.K., is 
marketed there under the trade name P.B. Sillimanite. 
It contains small |)roporr!ons of corundum, lime, and 
oxules of irt>n and titanium, which together amount 
to less than V »• Indian kyanite is much prized as it 
exhibits low thermal expansion and produces hard 
grog with high cfuisiaticy in volume. 

Uses — Kyanite is valued as a refractory lining 
material in furnaces u.sed for meltitig glass and tion- 
ferroiis tnetals, e.g. brass, bronze atid alutniniutn. It 
is also used for litting cement clinkering kilns. Hricks 
atid blocks of calcined kyanite or sillitnanite. formed 
hy honditig with high ahitninoiis clay (to 25 parts of 
clay and 75-<;o parts of calcined kvatiite). are etnploy- 
ed iti high tettiperaiure ecjiiipment for supporting 
heavy loads atid for constructing parts wliich are 
rc(|uired to resist the actioti of acidic or alkalitie slags. 
Calcined kyanite is ground and shaped with binding 
ttiaterials itito jwits and tanks, retorts, crttcihles, 
saggars, tnulllcs, etc. Kyanite is used as a glass hatch 
constiitienl to increa.se tlie alittnina content of gla.ss. 
k'itiely ground tnullite is added to kaolin or clay 
itiixt tires for reducing liring shrinkage, increasing 
breaking strength, improving abrasion resistance, and 
for lengthening the sintering range of (eramic wares. 
Due to its higli electrical resislaiuv, uihaned kyanite 
is employed as a constituent of electrical procelain. 
transparent varieties of kvauiie are used as gem 
stones after cutting. 

Quality and ^radr I'or u.se in refractories, a hard 
tough grog of low porositv is desired. Massive 
kyanitc is preferred to coarse-hladed varieties which 
yield a fragile, highly porous grog. For use in glass 
and electrical porcelain, the iron content of kyanitc 
should not exceed 0.2 

Tlie mineral is marketed in two grades - high 
grade kvanite (AI.X);,, 6S“,,) and low grade kvanite 
(Al.,(),, 

J^KOm CHON AM) Tkadk 

'tables I and 2 give the production of kyanite in 
India ; 'table 3 gives tlic grade-wise production in 
1956 and 1957. 

Ivv/ior/.s*— The major part of the kyanite jiroduced 
in India is ex|wrte(l : only a small (|uaniity is con- 


sumed within the ct)untrv. Table 4 gives the e\|)»>rts 
of kyanite from India, the principal importers of 
Indian kyanite are IJ.K. and U.S.A. 

Prices — 'table 5 gives the prices of high and low 
grade kyanite, f.o.l). Calcutta, during 1954-57. 

KYDIA Roxh. {Malvaceae) 

A small genus of trees found in India, Burma, 
Malaya and not them Siam, 'three species occur in 
India. 

K. calycina Roxh. 

D.F.P.. IV. 56S : FI. Br. Ind.. I, 54S : Blatter el aL, 
IM. 20. 

IltNoi — Pida, cliaafyaltea, paihra, p(daa ; Bknc;. — 
Pola, honkopas ; fii f. Mlif)iiliirzcani, ui/inlilincafii ; 
Mak. If'/zn/t/g, hhoti, patari : 'I'am. — W ndai : 'ti:i.. 
— Polri, kmidapotari, paclialn>inka, pandiki : Kan. - 
Bellaka, nayihende : Mal. Fc/z/A’A’//, nedanar, 
venta ; Oriva Haiikapasia, hharit)io 

A.s.sam Pichhola, hatikapa/i : Kiiasi Dicnff- 
niisiri : Lkcciia Dansasiyidc ; Nkww. Ktdfifidc ; 

I'l NjAB Pi>la, pula. 

Tradk (umher) -Pula, 

A small or moderati'-si/ed deciduous tree, up to 
40 ft. in height and 5-4 ft. in girth, with a clean hole 
of 15-20 ft., found throughout the greater jiart of 
India, chiefly in mixed deciduous forests hut not in 
arid areas : it is common in the stih-1 limalavan tract. 
Bark grey, exfoliating in irregular flakes or thin 
long strips: leaves alternate. 4-5 in. - 54 in., 

lohed. angled or rounded, cordate, palmatelv nerved, 
closely felitd beneath : flowers polvgamous. greenish 
white or purplish in much-hranclied panicles ; caj>- 
siiles stnall, globose. 5-valved. tomentose ; seeds reni 
form, dark brown. 'I'he tree is grown for ornament 
and is |)arti( ularly attrac tive in flower during 
Septemher-Novemher. 

K. calycina is a lighi-demander. hut can tolerate 
moderate shade in infancy. It is fairly frost-hardy 
and droughr-rc'sistant. It is ('om|)aralively short-lived, 
hut its rapid growth after tlie first season enables it 
to push its way through ga|)s in forests, till it reaches 
a height of 50 It. or n^ore, when it is overtaken and 
suppressed hy large and long-lived trees. It is a use- 
ful nurse for sal hut should he cut when it tends to 
get invasive. In teak plantations, the light-demanding 
teak suffers seriously if K. calycina is not removed 
in time. It coppices well, pollards satisfactorily and 
also produces root suckers. 

Natural reproduction takes place freely hy seeds 
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rMJ., Dvhra Dim. Photo: //. 0 . Chatfipion 
FIG. 167. KYDIA CALYCINA-TRERS LOPPED FOR FODDER 

which have low germinating |)ower, hut are produced 
in great ahiindance. The seeds are oilen washed up 
in early rains into heaps mixed with dead leaves and 
Ido.sc soil, and such conditions are favourable for 
germination. 

Artificial reproduction is usually done by trans- 
[)laniing nursery- raised seedlings (2-j in. high) either 
entire or after pruning the roots and shoots : prun- 
ing has been reported to l)c advantageous in some 
cases. Stumps. 0.4 -o.y inch in diam., are also suitable 
for planting. Direct sowing in U.P., tree stumping in 
Mysore, and propagation by root picc:es under garden 
conditions in Debra Dun, have proved successful 
('froup, I, 147-49 : Kadambi, liidian Pulp Pap,, 
1954 55, 9 , 57 : Kadambi & Dal)ral. Indian For,, 

*955' *-y)- 

'rhe rate ()f growth is rapid. Natural untended 
plants are reported to have attained a height of 
25-30 ft. in 5 years in L/.P. . ohservations carried out 
in a sample plot in U.P. showed that trees attained 


a height of 40 ft. in 15 years ( rruup, 1, 149 ; 
Kadumhi, loc. cir.). 

The sapwood is white and heartwood brownish or 
purplish grey, dull, straight-grained, even- and 
coarse-textured, moderately hard, strong and light 
(sp. gr., c. 0.3 ; wt., 31-37 Ih./cu. ft.). It is very liable 
to warp and slain. It is not refractory to seasoning ; 
green conversion and prompt stacking in open piles 
are recommended : kiln-seasoning may also give 
satisfactory results. The wood is not durable in 
exposed situations, but is fairly so under cover. It 
is liable to insect attack, but treatment with a salt 
solution or powellizing may render it proof against 
insects. The wood is easy to saw and works to a good 
surface (Pearson (S: Brown, I, 133-35 : Kadambi, loc. 

Seasoned wood yields planks iisefid for interior 
work in building construction. It is used to a limited 
extent for agricultural implements, oars, carving, 
spoons and ladles, march boxes and splints and light 
packing cases. It is also reported to be suitable 
for picture and slate frames, but raising of grain has 
been observed during grooving and chamfering ; it 
is also liable to crack while nailing. The wood is 
suitable for veneers and plywood, brush backs, tur- 
nery, toys and other small articles. l)obhins and 
shuttles, carriage and wagon work, shoe heels and 
core work ; it may also he used for cheap grades of 
pencils. In Gujarat, the timber is used for well cons- 
truction, canal work, wafer wheels, etc. Sapling stems 
are strong and elastic and suitable for hatijrliy sticks 
(Pearson & Brown. I, 134-35; Krishnamurti Naidu. 
79 : Rehnian ct al,, Indian For., 1954, 80 , 626 : Indian 
For., 1952, 78 , 277: IS: 399-1952, 8, to: Kapadia. 
/. Gujarat Res. Soc., 1954, 16 , 3 ; Trotter, 1944, 199, 
220). 

The wood yields a mechanical ptilp (yield, 82.6';;. 
on dressed pieces) of light shade, hut poor strength 
due to the short length of the ultitnate fibres. The 
pulp can be used, in admixture with 30?,', bamboo 
chemical pulp, for newsprint, although the paper 
obtained compares unfavourably in strength pro- 
perties with imported newsprint. Strength tests on 
newsprint from Kydia-hamboo pulp gave the follow- 
ing values: burst factor (Ashcroft), 5.20: tear factor, 
43.0 ; breaking length, 896.9 m., and elongation, 
1.2% (Bhargava Ik Kartar Singh, Indian For. Bull., 
N.S., No. i(il, 1941, 1). 

The inner bark yields a fibre (cellulo.se, 70.2%) used 
locally for coarse ropes. The fibre is strong when 
green, but becomes brittle on drying. Ropes made 
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MG. 168. KYDIA CALYCINA—TRANSVERSE SECTION 
OF WOOD (xiO) 


from the hark fihre arc used for tying rafts : they are 
soiiietiines used as elephaiu drag ropes. The young 
hark is niudlaginotis and a cold infusion of it is used 
in gur making for clarifying sugarcane juice. It also 
contains a gum. The wood is used as fuel (calorilic* 
val.: 5,067 cal., 9,122 B.t.u.), though it hums with 
an unpleasant smell : it is also used for making char- 
coal. rhe wood is a good source of commercial 
potash (yield, 0.4 TV,). Analysis of wood ash (1.67”,,) 
gave the following values: total soluhles, 56.57 : 
KXX),, 55.25 : KCl, i.<;6 : K,S()., 1.55 : and insoluhle 
matter, 5(9.8 iVi. ( Kcoii . /Io^, H755, 7 , 189: Dastur, 
Useful Plants, 154 : Krishnamurti Naidu, 80 : 
Dymock, Warden & Hooper, I, 228 : hidiau For., 
1948, 74 , 279: Krishna & Ramaswami, Iiidum For. 
Bull., N.S., No. 79, 1(952. 19 ; Mata Prasad & l^ange, 
Indian For. lA’a/l., No. (95, 1947, *4-15)- 
The tree is valued for the leaves which are lopped 
for fodder. A five-year old |)lantation yielded 
6,(9(K) li). of green fodder [K'r acre. Analysis of mature 
leaves loppecl in March at Chiuerhuckganj (U.P.) gave 
the following values (dry basis): crude protein. 
15.6: lime (CaO), 7.5: pho.sphate (P.O,). i.i",,. The 
plant is one of the recorded hosts of the Indian lac 


insect (liaurie, Indian For. Lt afl., No. 82. 1945, 9 : 
Kadamhi. loc. cit. : Chaturvedi. Ball. U.l\ For. DcF, 
No. 1(9, 1(948 : Burk ill. II, 1288). 

A paste of the leaves is applied in body pains : 
leaves are used also in poultices for skin diseases. 
Leaves are chewed when there is a deficiency of saliva 
(Kirt. & Basil, I. 550 : Cameron. 28). 

KYLLINGA Rotth. [C\pcraccac) 

A small genus of annual or perennial herbs, distri- 
buted in the tropical and suh-tropical regions of the 
world. About 8 species occur in India. 

K. brevifolia Rouh. — Cyperns hrcvifolins (Rotth.) 
Ilassk. 

FI. Br. Ind.. VI. 588. 

An erect, glabrous, perennial herb, up to 2 ft. high, 
with slender creeping rhi/ome u|) to 8 in. long, found 
throughout India, usually in soft sticky soil along the 
hanks of streams and other wet places. Stems usually 
distant, sometimes contiguous : leaves linear, as long 
as or much shorter than the stems. 

K. brevifolia is readily eaten by cattle. Analysis of 
the |)Iani gave the following values (dry basis): pro- 
tein, 8.47 : fat, ().(;4 ; starchy stihstances, 45.0 ; raw 
fibre, 29.86 ; and ash, 15.75“,,. The plant is re[)oited, 
in Australia, to catise scotiring. es[)ecially in young 
stock (Burkill, II, 128(9: Walandouw. /. sci. Rts. 
Indonesia, 1(952, 1 , 201 : Wehh, Bidl. Coini. sei. 
induslr. Res. Anst.. No. 252. 1(^48. 48 : Connor. Ball. 
D*'p. sci. uiduslr. Res., N.Z.. No. i){). i(;5i, 114). 

The roots ;ind rhi/omes are strongly .aromatic 
with a gingery odour. In Malaya, the rhizomes .are 
a|)plied .0 poultices for sores on the legs : leaves are 
taken internally for diarrhoe.a (Blatter, /. Bombay 
nat. Hist. Soc., 0954 55, 37 , 22 : Burkill. II, 1289). 

K. monocephala Rotth.- (.'y/jcn/.s kyllinj^ia Lndl. 

D.L.P., IV, 569 : III. 415; Kl. Br. IiuL, VI, 588; 
Kirt. (!^' Basil, i^l. 1009 B. 

Hindi Bem;. — Nirbislii, slizceit^<*lliabi : M.\k. — 

Mnstu ; Mal. — Molien^a, pinutllen\fa. 

Dei.iii — Bbada, mot ha. 

An erect creeping sedge, up to 1 ft. high, with well- 
developed rhizomes, common ihroiighoiit India, 
particularly in shady and moist places. Leaves line.ar, 
as long as or shorter than, the stem ; spike while, 
globose, solitary, terminal. 

K. monocephala is eaten by cattle. Analysis of the 
plant gave the following values (dry basis): protein. 
io.5<; ; fat. 0.86 : starchy substances, 42.56 : raw fibre, 
27.25 : and ash, 18.94“,,. ^ plant, according to a 
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ivpori Ironi Australia, is injurious to tartU*. parti- 
cularly nvIk’U j^ivcn in the seeding;’ stage, causing 
purging, diarrhoea and colic (Wal.'indouw, loc, cit. : 
Wehl). loc. cit.). 

d’he |)lant is considered diuretic, stomachic and 
anthelmintic, and is given Tor fistula, pustules, 
tumours and stomach and intestinal ccMupiaints. In 
Malaya, it is used for diarrhoea and in Celebes, ior 
measles. 'Ihe spikes are applied as |)oullices tor 
gathered nails. 1’races of hydrocyanic acid are re- 
ported to he present in roots, stems and nutlets | /. sci. 
Res. I iiduiu sui, I (siippl.). iS ; Mhaskar C-aius, 

hnliini Died. Res. Mem., No. 19. 1931, 50: Buikill, 
II, 1289: Quisumhing, 1^25!. 


The rhi/ome is fragrant, aromatic and astringent. 
A decoction of the rhi/ome is used as diuretic, sudo- 
rific, refrigerant, demulcent and tonic : it is given to 
relieve thirst in fevers and diabetes. Mixed with oil, 
it is used as an application for dermatitis. The rhi- 
zome is reported to yield a dark yellowish green 
volatile oil which has a pleasant odour and pungent 
taste and used for the same purposes as the decoction 
(Cawost < 1 ^ Peteloi, Bull. eeau. hidoeh., 1934. 37 , 1031 ; 
Qiiisumhing. 117; Nadkarni, I, 719: Kirt. ^ Basu, 
IV. 2633 34: Dymock. Warden & Hooper, III, 
55 ^- 57 )- 

K. .squamulata Vahh -('v/)cn/.v nieizii (Mochsi.) 
Mat if. <!k' Kiikenihal 

n. Br. Ind., VI. 5S9. 

A densely tufted annual, up to i ft. high, with 
lihrous roots and leaves often longer or as long as 
the stem, found in the Himalayas from Kashmir to 
Kumaon at altitude of 3.(M)o-6.ooo ft., and in western 
ghats, Konkan and Kanara. 

Analysis of K. stiiunmdata from Jammu gave the 
following values (dry basis): protein. 12.85: ether 
exit*., 2.18 : mineral matter, 17.26 : crude fibre, 28.84 : 
carbohydrates. 36.35: calcium (CaO), 1.60: and 
phosphorus (PX),). 0.93'V,. 'The plant is eaten by 
cattle (Chopra ei dl., hid inn ]. n^rie. Set., 1956, 
26 , 456). 

The rhizome of the |)lant is similar to that of K. 
ereela Schum. Thonn. of tropical West Africa 
in fragrance and aroma. It is somewhat biller 
in taste. It retains its fragrance for a long time under 
dry conditions and is often used as a fumigant : 
it is sometimes chewed. I'he juice of the rhi/ome 
may be used for flavouring IcmmIs and medicines 
(Hal/iel, 518). 

K. iricriys Roith. — C\ Irenes tneeps (Rotth.) Mndl. 
is a small tufted herb, up to 12 in. high with a short 
rhi/ome and linear leaves, one half or nearly as long 
as the stem, found in Kumaon at altitudes of 5,000- 
6,000 ft. and from the upper (iangetic plain to West 
Bengal. Sundarbans and Deccan Peninsula. The 
plant has the .same vernacular names as K. mono- 
eefiluda and is reported to possess projKTties similar 
to those of K. monoeephdla and K. erecin. 
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Bendai (Mai.) 

84 



Ihmli (Tcl.) 

84 

Biting lice 

188 

(^tl.rMBA 


291 

Beppale (Kan.) 

103 

Biyu kantytm (Bhiitia) 

II 

C'i;yi.un 


291 

lift (Bombay) 

iiy 

Black bug 

194 

Fai.sk 


291 

Bvrsi (Macihva Pradesh) 

IIJ 

Black drink 

165 

Natural 


291 

Bt^tar (Punjali & Kashmir) 

306 

Black-^yfo Sitsan 

98 

Wa.shed 


291 

Bvltailfiharalu (Kan.) 

293 

Blackfly 

.. 214,218 

Campkaciiy Tkkk 


2 

Bettada tavare (Kan.) 

9I 

Black headed caterpillar 


C\ampodeans 


188 

Bhada (IXlhi) 

331 

|H*st of eocomil 

201 

CANDYTl'Fr 


161 

Bhndor (Madliya Pradesh) 

272 

]4lack stem aphis of (hmcIi 

201 

Common Anni’ai, 


161 

Bhadradanti (Sans.) 

296 

Black thrips 

198 

Kockkt 


161 

Bha nui rch htd ( Sau rasli t ra) 

149 

Blister beetles 

.. 198, 212 

C'a nelly 


208 

Bhan^ra (Beng., Mar. & 


Blot fly 

213 

CHane wbi telly 


194 

Bombay) 

181 

Blue beetle of paddy 

190 

(^\o^T(alo^c. Trkk 


45 

Bhutmar (Punjab) 

248 

Blue-lmttlr fly 

214 

Capsid bug 


193 

Bharavai (Ullar Pradesh) 

I70 

Bodaj^a (Bombay) 

176 

(\'ipsiile borer 


192 

Bharimn (Oriya) 

329 

Bndditnialhr (lei.) 

289 

(Carpenter bee 


205 

Bhanciui (Madhya l*radesh) 

273 

Bodoka (Oriya) 

149 

C\*irpet beetles 


217 

Bhtit did (Assam) 

148 

Body louse 

219 

C^arrion beetles 


225 

Bhuiilun (ilindi) 

149 

Bof’i (Kan.) 

150 

Case bearing moth 


216 

Bhi'dara (Wesiern Himalayas) 

309 

Boliar (Madhya Pradesh) 

149 

('.ase worm 


190 

Bhrdidi lot (Assam) 

16 

Bokkatt (Beng.) 

2 

(!as.skna 


165 

Bhffidf (Kan.) 

84 

Bokri lahara (Nepal) 

!! 16 

Castor biilterfly 


192 

Bhi’tidi (Mar.) 

84 

Bola (Hindi Ik Beng.) 

.. 97,321 

C!astor capsule borer 


200 

Bhendii (}lindi Ik Punjabi) 

27 

Boli hok- pok ((>aro) 

131 

Castor .seini-lfHiper 


192 

Bhmita (Oriya) 

39 

Bol-laticltl (C>aro) 

321 

C\'istor slug 


199 

Blur (Bombay) 

272 

Bolottjf (Assam Oaro) 

.. 132,317 

Castor whileflv 


192 

Bherda (Bombay) 

271 

Bolouchi (Garo) 

132 

Cal flea 


214 

Blu'rcuda (Ilindi) 

293 

Bombay hicust 

202 

Cattle louse 


214 

Bhil (Hindi) 

310 

Botid^u (lei.) 

42 

('.KDAK 



Bhindi (Hindi) 

84 

Bond It It ko (Oriya) 

276 

Bkhmiiu 


310 

Bhiodi tori (Himii) 

84 

Bonj^alih/totora (A.ssam) 

293 

Fa.st African 


310 

Bliinj^itlc (Mar.) 

178 

Bonkopas (Beng.) 

329 

Himalayan Pknc ii, 


308 

Bhiut^ulodi (Ouj.) 

318 

Bonomali (Oriya) 

281 

Pknc 11. 


310 

(Ouj.) 

178 

BonomoUika (Oriya) 

281 

Kki> 


310 

Bhotvra (As.sam) 

29.S 

Bonstt huphan^f (Cachar) 

108 

Cerukandal (Mai.) 


316 

Bhoti (Mar.) 

329 

Book lice 

.. 188, 216 

('Iiachttndar (Hindi) 


11 

Bhoitrsid (Mar.) 

149 

Boomidaptt (I'el.) 

179 

Chakarakilanj^u (Mai.) 


238 

Bliraniarclihallika (Sans.) 

149 

Boota (Delhi) 

248 

Chaktdiya (Beng.) 


35 

Bhiuhakraffaddii (Tel , ) 

248 

Borhandotifr (Garo Hills) 

29.4 

(dialai (Punjab) 


.308 

Bhiuhampaca (Sans.) 

MS 

Borer caterpillar 

197 

Chalapaclihi (Tel.) 


178 

Bit ucha m palm m i4 (Tel .) 

MS 

Boromali (Oriya) 

101 

Chalcid wasp 


209 

Bhuirliampa (Hindi, Beiig. 


Bosanti (Ik'iig.) 

lOI 

('halcopyrite 


256 

& Mar.) 

MS 

Botflies 

.. 212,213 

(diallixa (Assam) 


31 

Bhidchampo (Ouj.) 

MS 

Botsaka (Bombay) 

176 

i'haluundar (1 limalayas) 


255 

Bhitikohola (Klar.) 

248 

Boi'ifff (Kan.) 

115 

iUuilukondcc (Kan.) 


29 

Bhitin khajitr (Bihar) 

I.S7 

Bovutnara (Kan.) 

115 

Chamha (Hindi & Punjab) 


285. 289 

Bhni nkokurii (Ori ya ) 

248 

Boweiiite 

278 

(diamhcli (.Sans. Punjab) 


285 

Bluilavatif^a (Sans.) 

311 

Bkacki.kt Wooii 

278 

Chamfli (Hindi A: Beng.) 

281, 

284, 285 

Bit It tn ii ltit tn pa (Sans.) 

315 

Brail tnok ha (Beng.) 

25 

(Viumgc (Bombay) 


273 

Bit It tNiclifkrif!;iiddi‘ ( Kan . ) 

248 

Bi<\vi:k\ 

3 

ChamliHH (Punjab) 


133 

Bhutnikumra (Beng.) 

248 

Brihaddaiiti (Sans.) 

296 

Chamositc 


256 

Bhitmikitshmanda (Sans.) 

248 

Bruchid beetle 

192 

{'.hamp (Punjab) 


273 

Bhunsri (Bihar) 

1.S9 

Bud caterpillar 

193 

Champ f)iig 


208 

Bliuri (Madhya Pradesh) 

273 

Buflalo gnats 

218 

Chandan v Nepal) 


308 

Blinrkur (Hindi) 

149 

Btti (Punjab) 

323 

Chandmara (Kan.) 


35 

Bhurundi (Sans. Ik Mar.) 

29 

Bui-clilioii (Punjab) 

323 

Chandratnida (Hindi) 


314 

Bihu (Mar.) 

107 

Biiiiumla (Hindi) 

320 

Cliandramidika (Sans.) 


314 

Bidsalt' (Kan.) 

8 

Buja-^utnhala (Kan.) 

248 

Chandumiila (Beng.) 


314 

Bikha-kiilia (A.ssam) 

165 

Bitksha (Beng.) 

31 

('hang .Shan 


145 

Biksti (Hindi) 

31 

Bunch caterpillar 

195 

(diapputattu (Madhya Pr.'ide.sh) 

V) 

BUaikatid (Hindi) 

248 

Bara kunda (Beng.) 

:8i 

Charati (.Sans.) 


139 

Bilaipado (Oriva) 

251 

Btirhura (Bombay) 

181 

Charvi (Mai.) 


107 

Bilati tulsi (Hiiuii) 

I.S9 

Buri (Madhya Pradesh) 

274 

Char pale lahara (Nepal) 


101 

Bildi (l*imjai>) 

249 

Bitrja (1 VI.) 

149 

Chau! moo ^ra (Hindi) 


142 

Bilitirupu (Kan.) 

114 



ClIAri.MlXlGRA On. 


140 

Bilolohoti^o (Oriva) 

311 



(diaiilmu^ra (Beng.) 


141 

Biloiui (Oriya) 

249 

c 


Chavara (Bondiay) 


101 

Bimi.i or BiMi.iPAiWf Jnr. 

. . 77 



C.hayaver (Mai.) 


16 

Binda ((riij.) 

84 

( labbage bug 

196 

CirAY-R<X)T 


16 

Bipte (Mar.) 

108 

Cabbage butterfly 

196 

C.lieema ('Pel.) 


• 231 

Bira (1VI.) 

32 

('abhaok. Swamp 

237 

C'heese mite 


229 

Bird lice ] 

188, 212, 214 

('abbage web worm 

196 

( 'h ela^ada (1 VI .) 


238 

Bi rsu ra j tn itkh i (San t al ) 

1.49 

Cacao thrips 

.. 19.4,201 

Chelavu (Travancore) 


28 

Bis Balya - kara ni ( A ssa m) 

312 

('addisflies 

188 

Chelwa (Hindi & Beng.) 


97 

Bithua (Punjab) 

30 

(’alam (Tam.) 

6 

Chembarathi (Mul.) 


91 

Biting flies 

.. 212,213 

C!aiifornite 

278 

( ,’/i emh i neerkUa wgii (Mai.) 


315 


II 



Cheni^alli ^addi (Tcl.) 

Chcnkodi padalipan pullu (Mnl.) 
Chenkodi ptdlu (Mai.) 
Chen-nelli (Mai.) 

Chcra (Mai.) 

Cheraf^adtiam ('IVI.) 

Cherh'cru ('IVl.) 

Chero (Santal ik Kol) 

CllKKRY Pic 
Cht'rupichckam (Mnl.) 
('hrrupidhitr (Mai.) 

Chfrutali (Mai.) 

ChcrumUvl (Mai.) 

Chctaki (Sans.) 

Chvtia-boUi (Assam) 

Chctti (’ram.) 

Chcwaripat (Nepal) 

Chhai^alkuri (Peng.) 

Chhal (Punjab) 

Chhirvvl (Hindi) 

Chhota dnndhvrtt ((amd.) 
C.hhnti (Madhya IVndesh 

Chichia (Kiimaon) 

Chikuiiinvu (Tel.) 

Chilhil (Hindi) 

Chilm hi (Himalayas) 

Chinanji (Piliar) 

('hinapptiratti (IVIal.) 

('.IIINCSK-I I.vr-Pi..\N'i 

liutiff-pai (Naga) 

('hini*ren (Assam) 

('hinivcrandi (Mar.) 

('hinttu* (Hindi) 

('hippulint'llu (Kaii.) 

Citimhilva (Sans.) 

('hirhid (Ma<lhya Pr.ulesh) 
Chirmati (Mar.) 

ChirudiiH (Tam.) 

Chirumallc ('Pel.) 

Chiruvfr (Tam.) 

Chinal (Hindi) 

Chitiphid (Hindi) 

Chitra (Madhya Pradesh) 
(diittiln tnadakku (Mai.) 
C.hivulapilliti^c ( Pel.) 

C'lll.OROMCl..\NITI-. 

Chomuntri (Tam.) 

('hont^lum (Andainaii) 

Chofwr (Punjab) 

Cham patiu (Mai.) 

Chant pttlhiri (Tam.) 

Chati santri (Hajasihan) 
Chaiipaini (Cliiorg) 

Chaiipullcii (Himii) 

Chavi'ar (Ikimbay) 

C.hiti (Punjab & Kashmir) 
Chiikar (IVeng.) 

Chiikhaa (Sikkim) 

Chukiar (As.sam) 

Chtdijiuka (Oriya) 

Chunut (IJllar IVadesh) 

C.humli (Kumaon) 

Chupifhi (Bhutia) 

Chupitsi (Bhutia) 

Chutift rhandhal (Santal) 
C.huvtinna tarn pit (Mai.) 
Cigarette beetle 
CUtrophilus mealy bug 
Citrus psylla 
(Mtrus whileflies 
Clothes moth 
('ochineal bug 
Cochineal insects 
Cochinil puchi 
Cockchafer beetle 
(%)ckchafer grubs 


27.1 

Clnckroaches 188, 180, 215, 

220 

Phnbni (Bihar) 

311 

271 

Codling moth of apple 

201 

Phitmnu (Himii) 

100 

27.1 

C.alomba (Bomliav) 

201 

Phamsiria (Hindi) 

148 

.122 

C4)lorado luTtle 

211 

Phanna (Cttar Pradesh) 

272 

107 

('oluiiiba, CoIuiuIm) 

201 

Pharbai pul (’Pam.) 

170 

178 

C\)mmoii bamb(K) Iwjrer 

204 

Pht‘ms (Beng.) 

84 

16 

C^iminon citrus mealy bug 

228 

Phapa-pfiruli (As.sam) 

41 

170 

(^)mnion fowl loii.se 

214 

Phap dal (As.s;ini) 

148 

30 

(Simmon Indiati hornet 

218 

Phoiida (fhij.) 

103 

280 

C'omiiion Indian yellow was|) . . 

218 

Phitb (Bombay) 

170 

178 

Common mound -building 


Pimp (Punjab, Cttar Pradesh 


2.51 

termite 

210 

& North Western Himalayas) .108. 

.111 

147 

('OSKSSI B.vrk 

104 

Phupi (iSeital) 

308 

28.5 

I'opra beetle 

211 

Phtt relink (Uttar Pradesh) 

100 

1.13 

C'OK.VI. Pl.i.Vl 

206 

Phutkhuri (As.sam) 

103 

276 

CV)K.\i. 'Prk.k 

1.13 

Diamond back moth 

100 

277 

('otion bollworni 

228 

Piruif-ja lyutcu (Kh.isi) 

131 

2.51 

Colton jassid 

106 

Picnj^-la inetril (Khasi Hills) .. 

275 

273 

(\)ttoii leaf-rcOIer 

103 

Pien^-lini^imrit (Khasi) 

27 

111 

C^rrroN Trm;, C%>\si 

07 

Pifuf> niat-u'fi (Khasi) 

326 

6 

(!ntton whilefly 

104 

/>iei/g-i//i.M'rf (Khasi) 

320 

274 

Cottony cushion .scale 

227 

/)ieiig-so/i-”n;ig (Khasi) 

.126 

.106 

Crab caterpillar 

105 

Picn^'sah-jadaa (Khasi) 

131 

2.51 

Caab louse 

210 

Picir^-sah-lap (Assam) 

141 

100 

C’RI'.SIKII ll.llR (>R.\.SS 

324 

PitniK-sah-t\rU‘il (Kh.'isi) 

27 

255 

Crickets 188, 10.1. |04. 207. 215, 

230 

Pit‘u^- san-lani>-snani (Khasi) . . 

321 

74 

C'ulicoids 

218 

Piciii^-tcin-sra (Khasi Hills) .. 

275 

01 

(’ulm wee\il 

100 

Pii'iif^'lyrkhou (Khasi) 

322 

lOS 

(aircas oil 

204 

Pinibiihuha (Bihar) 

1.50 

ill 

C’rsso 

3 

Pitida kiuda (Bihar) 

1.57 

38 

CUii worm 102, 104, 

1 06 

/>in^-£/o/oiig-.vir (iVssani) 

140 

206 

CVPRKS.S, SrM.MC.R 

324 

Pipdtnrl (Cuj.) 

253 

231 

Cbi'Mi-.ss, Vink 

252 

Pipya (Sans.) 

1.51 

320 



Paariit (Bombay) 

270 

100 

D 


Dobsonliies 

188 

100 



Padda-\ele-hal(ni^ara (Mv.sore) . . 

108 

181 

ihtb (Madhya Pradesh) 

170 

Dog flea 

214 

251 

thihii (Hiiuii) 

170 

Pala kudu (Mar.) 

103 

280 

Ihdthjtdixun (Ciij.) 

42 

Pallr kusdiballi (Kan.) 

283 

16 

Ihidiyrtlti ('Pel.) 

140 

Pomuti (Beng.) 

146 

16 

Ihtjaf^ipf (Caro) 

312 

Paudra (Cuj.) 

140 

.10 

Dalaffe (Bombay) 

273 

/)oiig/ii/i'iiiig (Pepcha) 

132 

170 

l).\i. Cr.vss 

148 

Pa pat Ha til (Hindi) 

251 

8 

Ihtlmu^ri (Beng.) 

141 

Dot M Paim 


251 

Ihtnian-pafHtr (Hindi) 

15 

K(;veTiAN 

1.56 

270 

Ihtinan papm (lliiidi) 

15 

Imran 

157 

1.5 

Dtim daka (Lakhimptir) 

160 

Dragonfly 184, 188, 

225 

131 

I).\.MM.\R. K(k:k 

115 

Drug store beetle 

211 

101 

Ihttutsoni (Tel.) 

80 

Ptidcla (Nepal) 

0 

322 

Ihim clo (Mar.) 

140 

Pitdh ( haulia (As.sam) 

31 

.122 

ihin^rrs (Bombay) 

273 

Pudhi (Beng.) 

162 

.10 

Diniiu (Bombay) 

181 

Pudhiari (Bihar) 

10.1 

.*110 

Ihinsitsiyuk (Lepcha) 

320 

PudilHilatii^r (’Pel.) 

III 

320 

Ihipali (BomlKiy) 

14 

Pudippa (Tel.) 

140 

101 

Parbiui (.Sans.) 

170 

Pudkhuri (A.ssam) 

103 

306 

Ihirhha i^addi ('Pel.) 

170 

Pudurli (>Iar.) 

1 1 1 

02 

/hire /infer (Santal) 

181 

Dugtmgs 

4 

.100 

/hire kudruni (Bihar) 

77 

Puikaiii ramla (.Madhva 


02 

Ihirsani (Nepal) 

102 

Ih'adesh) 

271 

1.15 

Ihtsuna (Tel.) 

01 

Pula (Punjab) 

88 

100 

Ihisuvaht (Kan.) 

01 

Pinnid liundu ('Pel.) 

1.18 

275 

Ihi.sindacha phuhi (Mar.) 

01 

Pundasa (Ba/aar) 

305 

11 

Dalzi'un ((hij.) 

320 

Pundijiiapu ('Pel.) 

205 

II 

Daumujtt (Oriya) 

100 

Puaffri-kunda (Bomb.iv) 

272 

237 

Dtinria (Bombay /V Oriva) . . 42. 

270 

Dung roller 

225 

251 

Dvy-i.ii.v 


Pufxiti (Beng.) 

168 

211 

(kll.OKN 

32 

Pushpatrijali (Sans.) 

168 

227 

()K\\t;K 

32 

Dusky ctUtoii bug 

103 

100 

'P.WVNY 

32 

Puiiirl (Cuj.) 

3.1 

227 

Heath’s head moth 

224 

Dykh’s Wo\n 

271 

216 

Deccan grasshop|K*r 

101 



180 

Peudhu (Hindi; 

1.55 

E 


220, 231 

l')cobh(ittt (Mar.) 

148 



231 

Pi'ala (Punjab) 

88 

Karhead bug 

101 

10.5. 107 

He.sert locust . . 202, 

2.10 

Karwigs 188, 

2II 

101 

Pt'tliikaninn; (Mikir) 

131 

Kbonitc 

67 


HI 



Kiltti i^addi ('IVI.) 


42 

(latitii (Punjab^ 



274 

(d'MHO 


84 

Khattj^i (ncngal) 


14 

ilaynarii (’IVl.) 



77 

Cuniihi (Kan.) 


89 

Klcpharit hot 


21.^ 

(■elatinc jcriib 



195 

Cumddhd (bihar) 


101 

I’lliui mftmtkku ('I'a ni. ) 


295 

(•i'nasn (Kan.) 



2.48 

(7uni Juin 


42 

Kim, JmlutH ('rrailf) 


109 

(UiamhvH (Otij.) 



285 

(djiu-'P.soy 


42 

KlusultH m(illi}*t‘ (Kan.) 

. . 289, 

290 

(ihtjtiifi (Madhya Prailesh) 



274 

Ciindird (Mar.) 


74 

Kmtra (Punjab) 


101 

ilhati-pit pti /I ru ( bom 1 la y ) 



414 

Cnndnmdlle ('Pel.) 


289 

Knm‘ (Kan.) 


419 

Chitihali (Delhi) 



251 

Cundunidlli ('Pam.) 

. . 289, 

290 

('IVI.) 


6 

(Ihidhato (Delhi) 



248 

CiniiLd (beng.) 


281 

Kjiilachna beetle 


196 

IMiinphdl (Nepal) 



102 

Curhdl (Punjab) 


96 

Krtimlti^iulih (Hen^.) 


294 

t.’/iod (Madhya Pratlesh) 



274 

Cnrhul (bihar 6l Orissa) 


96 

Krtnine ninth 


201 

(dioon 



202 

( ; II ru ndd nuri (bi ha r) 


101 

Krru i han^ali i^tultli (IVI.) 


274 

Churd mushdtt (Madhya 




Curti sinuti y^dddi ('Pel.) 


1 

Krrul/iolti ^aclcli ('IVI.) 


271 

P'radesh) 



274 

Cuti-\und (beng.) 


41 

Krunuii m I4 llai ( I'a in . ) 


289 

(Ihdrayal (Madhya Pradesh) 



274 

Cuitiydtnu’rn ('Pel.) 


424 

Krumhtt (ram.) 


241 

(hant mealy bii]^ 



229 




Ktai^oj^u ('IVI.) 


97 

C>iant water bu^ 



240 




KtUulai'imoUa ('IVI.) 


281 

i i iddsdii'd (boml)ay ) 



6 

H 



Knnipean hniise erickel 


215 

iUdvsd (bombay) 



6 




K\ani<l wasp 


229 

(hR.\.SOI.K 



25 

lldh-ul-mushk (Arab) 


75 

Kyell y 


220 

(Urili (Oriya) 



181 

Hdd-pdt (bihar) 


412 




(dow worm 



184 

tidiyd (Kan.) 


117 




(dials 


1 88. 

218 

Hairy caterpillars 

!! 192. 

212 

F 



( odddi ( bom 1 la y ) 


148. 

176 

Udiid (Hindi) 


415 




Ooethite 



256 

Hdkdd (Hindi) 


181 

raj^^ni worm 


199 

(Kan.) 



181 

lldiddvtl (Mar.) 


101 

Kiijcrrifi (l.cpeba) 


104 

('Pel. A: 'Pam.) 


77 

. 92 

1 l.\I.ICOKKS 


4 

Palse elotlu's moth 

.. 2U). 

217 

(dll// (Mar.) 



254 

lldlu (Punjab) 


168 

l''i)' pullinatiii); wasp 


225 

(ioiidd (Madhya Pr.-idesh) 



274 

lldinsdf^dr (Sans., Hindi 



Kikk Hfsii 


424 

Condi (Madhya Pradesh) 


170, 

271 

& beng.) 


415 

Fire insects 


191 

Con^'dlipitrutiu ( Pel.) 



191 

lldnsrony (.Mikir) 


96 

I'lea beetle 

I9.b 200. 

201 

Conkurd ('Pel.) 



77 

Hdmtmdnvel (Guj.) 


249 

Flea wee\il 


199 

Copd-kanyd (Sans.) 



.44 

HdYd^dUTd (Oriya) 


168 

Fleas 

ISS, 214, 

222 

Cophdl (Kiimaoti) 



107 

lidre Idhdrd (Nepal) 


290 

FlesbHy 

214, 224, 

22.^ 

Cophld (Kumaon) 



107 

Hari-hiimhdl (Kashmir) 


9 

Flesh ma}j;g<)ts 

.. 212, 

214 

Cordhikdtti^c (Kan.) 



276 

Harvdyh (Hinili) 


1.48 

FlowerHy 


227 

Cordkh pamo (Pun jab) 



40 

/ hisdru mdlliy c (Kan.) 


282 

F’lower head hii^ 


194 

Cor id (beii)(.) 



416 

tidthipich (Pun jab) 


25 

Fluted scale 

189, 227, 

229 

Corivi ('Pel.) 



276 

Hdlhi sundhdiid ((di j.) 


29 

Fhooiu is 


146 

Coruk h id'kordi ( A ssa m ) 



75 

lldlhokdnr (Ne|)ai) 


41.4 

Frojr hoppers 


211 

Corinidd (Oriya) 



101 

Hdtichiik (Hindi) 


25 

Fniitlly 1%. I‘>7, m. 

200. 201, 

228 

Cortcihdlli (Kan.) 



162 

Udtisund ((dij.) 


29 

Fruit moth 


229 

(dain moth 



191 

Hdli sundd (Sans.) 


29 

Friiit-siickin;* moth 


199 

(irains d-ambreile 



76 

Hdli surd (beng. Oriya) 


29 

I'miali hhfithi ( bomba v) 


274 

(Jram caterpillar 191, 194, 

195. 

198, 

229 

lldttd-iuri (Hindi) 


29 

Fiilj^orids 


228 

(irape vine );inller beetle 



200 

Hdltd-surd (Hindi) 


29 




(JrajH’ vine thrijis 


200, 

208 

Uduherd (Hindi) 


406 




(d<.\s.s 




Hdulhrr (Punjab \ Kashmir) 


406 

G 



IIOI.Y 



98 

Hdvushd (beng.) 


.406 




SWKII 



98 

Hawk moth 197, 

194. 224. 

225 

('.fthhi ('IVI.) 


1 

V \MI.I.\ 



98 

HdZdrd held 


290 

(’•lulalunullmliii (Santal) 


28? 

Vki.vft 



107 

1 lead louse 


219 

(>adlly 


214 

(Jreasy cutworm 



205 

Heart wimm’ borer 


2t)4 

( ittdisui^itudhi ('IVI.) 


44 

(deeiialile 



256 

Hcddtii^d! (Kan.) 


422 

Cadru (Madhya Pradesh) 


274 

(deen aphis 



201 

Hkim;k iioc.s 


10 

(.VW/ ((hij.) 


182 

(d’eeii-lMiltle (ly 



214 

Andcr.soii’s 


10 

Calllly 

I9(), 196, 

214 

(Ireeii biij; 



195 

1 lardwick’s C'ollared 


10 

(^’ill-prodiicin); moth 


194 

(deen buj*; of coffee 



227 

Pale 


10 

(«all wa.sps 


209 

(ireen earhead bug 



191 

H 1 : 1 .1 ( }'i ur>i>i-: , C't >m mon 


.40 

ilandcl (I’liar Pr.idesh) 


274 

Green jH’ach aphis 



207 

1 lemaiiie 


2.S6 

('•andvlv (Kan.) 


150 

Gregarious caterpillar 



199 

Utondpushpikd (S;ins.) 


282 

(Itiudcli ( bomba V) 


274 

Grey fly 



214 

Hemiinerids 


188 

f '•andharnsttmu ('Pel.) 


412 

(d'oiind beetles 



226 

1 Ikmi* 



iuindhasluiii (Sans. Kan.) 


14 

(dunerite 



264 

Amhari 


77 

Hand hi (boml)ay) 


274 

(dylloblatta 



188 

Dkccan 


77 

C.nmli (ihinjab) 


274 

Cuhddorrd ('Pel.) 



27 

Hkniunk 


151 

('.dUf^a tulsi (Oriya) 


159 

Cu}>dl (Punjab & North 




bi..\{:K 


151 

(Unirihi'm (Kan.) 


249 

We.ilern llimalava.^) 



411 



154 

( dm ta (.Ma r. ) 


42 

Cuherd (Mailhva Pardesh) 



271 

Hen flea 


214 

(hiHthiiin (Punjab) 


247 

Ciifdri ('Pel.) 



284 

tlil-kdddm (A.ssani) 


114 

(lurar mt4S\'ul (.Madhva Praiiesh) 

274 

(dijhia weevil 


191, 

194 

llimipdrutti (Mai.) 


91 

(htri (Guj.) 


182 

Ciihi-djdih (Punjab) 



91 

i/indi‘Sdlsd (Hindi) 


44 

(iarkath (Kiimaun) 


275 

Ctdtnendhi (Hindi) 



168 

Hinyuri (Assam) 


426 

(;,\Ki..\Nn F1.0WKR 


12 

Cultnt’ntli (Giij.) 



168 

Ilird (Kan.) 


42 

(lara-hhaUt (As.sarn) 


422 

Citlttr (beiig.) 



102 

Hire nut rd (Kan.) 


I.S0 

(iarudtilthaht (Saii.s.) 


142 

Cumhadi'fd ((dij.) 



251 

Hiribovi^f (Kan.) 


117 


TV 



Unlai^rru (Kan.) 107 

Uttlvnai^v (Kan.) IIJ 

(Mar.) 107 

liolif^ar (Kan.) .. 107 

I lot .1. IKS .. 10,^ 

Ilni.i.Y, Common 103 

lloi.i.Y, Knc:i.isii |03 

1 Ini.i.YiiociK, 'I'kaii.inc .. 

Mnnio|)U*riis Inig . . 229 

Hondar (Hindi) .. 13 H 

MnNKY Srrki.K, Ki(i:n(|| 17 

lliHilf'cri (Kan.) 107 

Hors .. 133 

Horiu'l.s IS 4 , 2 IS, 22 S 

Unshd (Mar.) . . 300 

Horse hoi 11 v 21 .^ 

Horsefly 212 , 213 . 2 IS. 21 !> 

Honsellv 214 , 21 ‘>, 220 

Hoverflv 224 , 22 .\ 220 , 227 

Hub til-ml (Kashmir) . . 240 

I f itkuktinf/a (CMioia Nagpur) 1 

lluli halli (Kan.) . . 320 

niiliiftm ri (Kan.) . . SO 

Hitrulu ('I'am. A: Kan.) . . 105 

Hyakna .. 13 S 

Hyaena, slrii»ed .. 13 S 

IHssoe .. 100 

1 

lehneiimonids . . 22 S 

leiinenimui \\asps , . 200 

( I'am.) . . 15 <» 

llal>(ni}^u (Tam.) .. 117 

ihif)f>unj^n (Mai.) 114 

tlluh'dlir {Tv\.) 102 

llmenite . . 2 .S 0 

huhuran'i ('I’am.) 10 

hunikapUhi ( I'am.) ,. 170 

tndifin Elm ( Trade) . . 100 

Indian meal moth 211 

Im)i\n Pink .. 252 

Ixima) 

A.mi, .. IS 2 

Aimhi\s I 70 

Ih.M.xi. 175 

(loMMON 1 S ,1 

Koyi'iixn 170 

Hairy ISO 

illMM.XXW 170 

Indian IS 2 

Jxx X 175 

Naiai, 175 

N'aliiral 17.1 

SlRAI 170 

Tkxim.ni. 177 

Wksi Indixn IS 2 

Wild 170 

Wiry I 7 (i 

Indigo psylla . . 104 

Idraham ( Tam.) . . 103 

hinimfiflukhd (Assam) . . 2 

Irdhditvcmhd (lam.) 170 

Irdinbdruf^ju (Mai.) . . 277 

Iridis Kiir/.oMA . . 2 .S 4 

Irisd (Hindi) .. 255 

Iron ores . . 2 .S 0 

Iron stones . . 25 S 

Jrrdldi-i flldii'hrmbdrdlldm (Tam.) 0 | 

Irumhuf>dm ('I'am.) 115 

Irmantii^c (Kan.) . . 2 S 9 , 200 

ishd-ldu}»ulid (Heng.) 147 

Ishpt'chd (Punjab) .. 240 

Isord fibre . . 2 S 

Is-i drmuri (Mai.) . . 27 


isit'drd (Sans.) 

275 

lltbilfi (Mai.) 

140 

Ivv 

0 

J 


idb (lieiig.) 

1 IS 

Jadi. 

27S 

Jadiiik 

27S 

Idi^dtmdihni (Heng.) 

.112 

Jdhdzi^dbd (Orissa) 

203 

fdji (Tel. A: Kan.) 

2S5 

lid tin (Bombay) 

27.1 

Jdld (Punjab) 

145 

fdb^nmlyd (Bajasihan) 

272 

Idmal^otd (Ciij.) 

203 

Jdiiild (Oriya) 

113 

Jdmimir^iiri (Oriya) 

0 

Jddfldki (Oriya) 

.120 

Janj^dli bhi‘mli (Mar.) 

00 

Jdn^^tidrdUfli (Hindi) 

20.1 

/fo/g/i hhimli (lk‘ng.) 

ss 

Jdnjjjiddt (Hindi) 

I4S 

Jddf^lirrdndi (Hindi A: Mai.) .. 

205 

Jdon (Punjab) 

IIS 

Jdfuj (Sans.) 

01 

Jai’anksk Bosk 

.117 

japygids 

ISS 

Jdrd (Madhya Pradesh) 

272 

Jd'.dvdmld (Mar.) 

01 

JXSMINK 

2S0 

Arxhixn 

2 SO 

CloMMoN 

2S4 

Doxv.nx 

2S4 

1 1 AI.IXN 

2S2 

Nki'ai. 

2S2 

PlIIMKOSL 

2S4 

SexMsil 

2S4 

luKi: 

2SI 

I'l SI XN 

2S0 

Wild 

2S0 

Yli.loxv 

2S2 

jasmine bug 

107 

Idsum (Hindi t\ Punjab) 

01 

Jdsnt (Hindi) 

01 

Idsni'd (fbij.) 

01 

Jdtdinibd (Bihar) 

f) 

Jd!liihdi ('Trade) 

.122 

Jdti (Sans.. Hindi & Beng.) 

2S5 

Idli nidlli^e (Kan.) 

2S5 

Jdlimisdli (Punjab) 

.10 

Jairoi’IIx, (Icm'iy Sikmmi.d 

207 

Jdd (Hindi, Beng. & Caij.) 

IIS 

Jdv (Hindi, A: Cbij.) 

IIS 

Jdi'd (SaiLs. A,' .Mar.) 

01, IIS 

Jdi'd bnshiHtmu ('Tel.) 

01 

IdVi' j^otlhi (Kan.) 

IIS 

jLIllSXIKM AkIIIIIOKL 

25, 20 

//iffugi (ITiihTi iV Beng.) 

145 

Ihdukdrd (Mar.) 

0 

Jhilld (Sans.) 

ISI 

fhiukii^dli ((bij.) 

ISI 

Jliirdk (lliiuli) 

MS 

Jhoni (Kiimaon) 

.100 

//luugi (Helhi) 

ISI 

Jirilid ('Tel.) 

240 

JUti (Kan.) 

101 

Jh'ddti (Sans.) 

III 

Itibd (Beng. Assam) 

01 

Joiikdfyhdl (Hindi A: Punjab) . . 

2’j 

Jozt'dkhdr (Bihar) 

iTs 

joxvar gallfly 

101 

Jova-jlid (Assam) 

’72 

Inhi (Hinili) 

2S1 

fiii (Hindi & Oriya) 

2S1 


Jnfdtx’ (Punj.'ib) 

10 

Jnk (Punjab) 

Ins 

jrNia Kl I.XMl. IXDRX 

27f> 

jrMi*i.R 

Bl.XfiK 

310 

Oiiinkm: 

310 

Odmmon 

. . .100, .107 

rRr« n s 

.107 

Indixn 

.los 

Wli imm. Bu i. 

.100 

IriK. Bimlii'xi xm 

. . 77 

jiile senii-lnoper 

1 0.1 

Inlhikd (Sans.) 

2SI 

Jsdidlninifd/n- (Kan.) 

I4S 

l\ntisliUd (.Sans.) 

200 


K 


KxRnNxN (Uajasihan) 

.120 

K(n In hind (Kan.) 

314 

Kdi Inddli’ildir^n ( Tam.) 

314 

Kdi lnddin ( Tam. cV Mai.) 

314 

Kdihomm ('Tel.) 

314 

Kdchri (.Mar.) 

314 

K iidd Id nidiidkkn (' Ta m . ) 

20.1 

K d fid Idl'd lid /.’ hfl (.Mai.) 

20.1 

Kdddlfmthn ( Tam.) 

4 

Kdfldfdd ('Tam.) 

320 

Kdddriiidllii^f' (Kan.) 

2S1 

Kddltdi (Punjab) 

0 

Kddn-huldrjdd (.Mar.) 

100 

Kudu kdVdtd (Mar.) 

142 

K ididikt'ii fiillii (’Tam.) 

272 

Kddniiidtlij^f (Kan.) 

2S0 

Kddii iii'i li (Kan.) 

IS3 

Kddn sdinid Inirkd 
hid In (Kan.) 

1 

Kdfh'd inddijdii (Huj.) 

100 

Kddii'd-sirid (.Mai.) 

l.sO 

Kxiiu Pl.lM 

s 

Kdinidid (Kan.) 

322 

Kdhd ( Tam.) 

27 

Kdimn (,Mal.) 

27 

Kdkibird (’Tel.) 

1 15 

Kdkkdttdii (’Tam.) 

240 

Kfd (Kan.) 

II.! 

Kdld dfluhd (.Mar.) 

312 

Kdldbisd (Punjab) 

100 

Kdldfldiid (Hindi, (hij. tV 
B.'i/ar) 

. . 240, 2.b» 

Kdldddiidh (Beng.) 

240 

Ktildflii (Kan.) 

loo 

Kdld kiniydl (\\\ India) 

0 

Kdld klitdkf! (.Sa ns.) 

170 

Kdldinbd ii't (Tam.) 

201 

Kdldiiibd i cni (’Tel.) 

201 

Kdldiiib kdi'hdii |Btuiib;iy) 

2.0 1 

Kdldiiib ki fdr (Hindi) 

201 

Kfdlxnu iKan.) 

117 

Kidhniii (Mai.) 

117 

Kdlidndhi (Hindi) 

102 

Ktiliiidllii ( Tel.) 

4.’ 

Kdlildmbili (’Tam.) 

277 

Kf//D/gf/ (.S,'ms.) 

KM 

Kdli-zitki (Deiean) 

240 

K.dkitiiiftdii ((bij.) 

240 

Kdlldsdbdird s /gr (Kan.) 

15 

Kdllilnn;^ zhii^ (Leiuha) 

II 

Kfillnnr-i'din hi (.Mai.) 

1 1 .1 

Kdllnrdld (Kan.) 

114 

Kdlnidii (Assam) 

24S 

Kdlmdshi (Mar.) 

313 

Kdliiiisd;^ (Hindi) 

237 

Kdlniixik (Beng.) 

237 

Kdlllidiiidifi (M:il.) 

1.10 


V 


4 ^ 



Kaniulutu (Hindi Bciij'.) 

252 

Karra (Hindi) 

105 

Kvsara dam (Beng.) 


311 

Kamalatf (Kan.) 

252 

Karuniullai (Tam.) 

289 

Kesariba (Bihar) 

. . 

311 

KamhUpuvhi ('lain.) 

IVI 

Karun chard (lam.) 

107 

Kcscru (Assam) 


41 

Kampti (Hindi) 

lUI 

Karunclli (Tam.) 

520 

Kdi (Mar.) 


142 

Kamra (Kan.) 

6 

Kariutilla (Tel. & Kan.) 

176 

Kevaai (Mar.) 


27 

Kinunutcrauiht (Sans.) 

295 

Kartinochchi (Tain.) 

312 

Kcican (Mar.) 


27 

KauauamaUica (Sans.) 

280 

Karnnsi ptdlu (Tam.) 

42 

Keiiar (Punjab) 


103 

Ktmatigi ((Jnj.) 

258 

Kara ppu pilan ji (lam.) 

320 

Khair (As.sam) 


170 

Kamhnmiluotu (Oriya) 

251 

Karzvai (Mar.) 

150 

Khanikhondn (Oriya) 


249 

Kami ('1 am.) 

109 

Kanca indarjan (1 liiuli) 

106 

Khans (Kajasthan) 


170 

Kauda (Oriya) 

258 

Karya-bijal (1 Mikhiiii(nir) 

169 

Khapra beeile 


210 

Katifiat'ar (kn\,nann) 

115 

Kasari-nai (Oriya) 

251 

Kharai (Punjab) 


30 

Kaudalv (Kan.) 

5Ui 

Kascri i^addi (Tel.) 

42 

Kharif grass iiopper 


190, 194 

Kandcn (Bninbax) 

271 

Kashia palla (Benj».) 

89 

Kharncr (Ouj.) 


111 

Kamicr (Hindi) 

271 

Kashia udal (Benj;.) 

89 

Kharpushl (Punjab) 


10 

Kamirnut (Hindi) 

10 

KashUkirai (Tam.) 

96 

Khalmal (Hindi) 


216 

Kandif^ala ('IVI.) 

516 

Kasini (Tam.) 

. . 77 

Kha-um (I..usbai) 


102 

Kaavra (I’linjal)) 

6 

Kasiratnafnu ('iel.) 

252 

Khaa-wainy^-phanif (Assam) 


115 

Kan^-mari (Assam) 

514 

Kasitlu m bai ('Pam.) 

168 

Khcnii (Punjab) 


179 

Kani^ni (Hindi) 

1 

Kasiunjifhas (Cbij.) 

1 

Khcr (Hindi & Heng.) 


42 

Kanijiiyan huHa (Bombay) 

272 

Kasschra (Henj;.) 

147 

Khvrai (Manipur) 

. . 

108 

Katijanbura (Hindi & Bcng.) .. 

515 

Kastcl (Mar.) 

.. 140, 142 

Kheru'a (Oriya) 


105 

Kanjant (Mai.) 

77 

Kastala (Hindi) 

6 

Khvt-papda (Mar.) 


15 

Katiiho ((inj.) 

109 

Kastnri benda (Icl.) 

75 

Khet-papra (Beng. & (^uj.) 


15 

Kanju (Hindi, Knmaon 


Kastnrihende (Kan.) 

. . 75 

Khiravcl (Guj.) 


111 

Tradf) 

109 

Kas 1 u ri bhenda (^ la r .) 

75 

Khirdodi (Cbij.) 


111 

Kan-kamif^alu (Mysore) 

108 

Kat-allari (Mai.) 

115 

Khola rais (Nepal) 


115 

Kainuidi yilai (Tam.) 

55 

Kalavcri ('Tam.) 

176 

Khorasaniajmo (Guj.) 


151 

Kanofli (On j.) 

518 

KatebrI (laishai Hills) 

108 

Khorasaniajowan (Beng.) 


I5I 

Kansura^^i (Kan.) 

276 

Kalhi (Simla) 

179 

K hnrasa nil 'ova (Mar.) 


151 

Kiinla chua (Hindi) 

10 

Kalhior-pat (l.epeha) 

102 

Khalcn (Punjab) 


109 

Kaiitalo hhrndo ((bij.) 

90 

Kathniora ((birhwal) 

145 

Kharasaniajvayan (Hindi) 


15' 

Kanlalu (Punjab) 

6 

Kathn (Simla) 

179 

Kharasanivadaki (Kan.) 


151 

Kantebhonri (Mar.) 

162 

Kati (Punjab) 

179 

Kharashanivamam ('Pel.) 


151 

Kantcl (Mar.) 

142 

Katjulain (Mai.) 

314 

Kharia (Nepal) 


105 

Kami (Bombay) 

142 

Katkura (Mar.) 

277 

Kiasi [Assam (l.akher)| 


89 

Kanariya (Oriya) 

77 

Katsu (Punjab) 

179 

Kilakrya (Oriya) 


276 

Kaonl-hunf> (lA*|K'ba) 

152 

Katlalari (I'am.) 

115 

Kilanrili (Mai.) 


520 

Kapasiya (Punjab) 

88 

Katlanianakku (I'am.) 

295 

Kiralbn^rhi (Kan.) 


115 

Kapia knshi (Benj^,) 

74 

Kattavanakka (Mai.) 

295 

Kiramaza (Bombay) 


251 

Kaptti (Hindi) 

108 

Kattncccram ('I'am.) 

107 

Kirambappanda ('lain.) 


511 

Kapurahavhari (Hindi, Beng., 


Kallnchcra (Mai.) 

107 

Kirba (Kan.) 


1.18 

Mar. (bij.) 

15 

Kaltnkasihuri (Mai.) 

75 

Kirkandi (Nlar.) 


297 

Kapuri (Hiiuli) 

55 

Kalln-kilanclli ('I'am.) 

520 

Kiipaica (Punjab) 


249 

Kaparkavhari (Indian Ba/ar) . . 

15 

Kattn kka tv ha m nia thi ( 'I'a in.) 

181 

Kisakarv (Kan.) 


276 

Kapurkavhri (Mar.) 

514 

KaU itkkai yam pa (Mai.) 

511 

Kita bo (Bihar) 


157 

Kara (Merwara) 

.i9 

Kalla kk i ra mb a (’la m . ) 

511 

Kiyava (Mai.) 


519 

Karachi (Kan.) 

6 

Kaltaniallii^a (^lal.) 

280 

Ki.xm.mii Wki:ii 


155 

Karai ( ram.) 

74 

Katlamallii^d (Tam.) 

.. 280, 289 

Kmad (Khasi) 


II 

Karailikonf^u ('lain.) 

114 

Katlamullai (Tam.) 

280 

Kobasvd (Mar.) 


142 

Karaiiilan}^n ( lam.) 

74 

Kallanarakan (Mai.) 

59 

Koda}>a ('I'el. & Mar.) 


105 

Karai (A.ssam) 

517 

Kallaticrvalam (Tam.) 

296 

Kodafiapala (Mai.) 


105 

Karaaibal (Mar.) 

515 

Kallanirari (Mai.) 

520 

Kodafiapald ('Pam.) 


105 

Karanj^a dal (Assam) 

148 

Kattathamba (Mai.) 

311 

Kodapalai ('Pam.) 


519 

Karaajiiiya (Assam) 

41 

Katlavcndai ('I'am.) 

88 

Kodapalla (Mai.) 


519 

Karan jalani (Madhya Pradesh) 

109 

Kaliala^^a ('I'am.) 

6 

Kodi (Mai.) 


142 

Karatifi (Madliya I'radesh) 

109 

Kala^vri (Kan.) 

107 

Ktahtm (As.sam) 


149 

Kara-poni'u (Mai.) 

I.IS 

Katakasthari ('lain.) 

. . 75 

Koda (Tel.) 


190 

Karbarn (Punjab) 

9 

Kalti-kavalh (Mar.) 

142 

Koda-niarakan bija (Kan.) 


106 

Karchi (Hindi) 

105 

Kaaro-ro (Punjab) 

325 

Kola kada (Bombay) 


149 

Karrhanibu (Kan.) 

162 

Kava (Bombay) 

1 12 

Kolavit ('Pam. & l!oorg) 


519 

Karen icnnd ('I'rade) 

41 

Kavakala (Kan.) 

511 

Kolland (Mar.) 


55 

Kart’snli (Kan.) 

520 

Kavanvhi ('Pel.) 

27 

Kolli (Tel.) 


249 

Kari ((bij., Madhya Pradesh 


Kaz'arf^i (Kan.) 

27 

Kolombo (Oriya) 


291 

Bomi)av) Kl.b 

272, 275 

Kavsi (Mar.) 

117 

Kolamallijic (Kan.) 


289 

Karibandha (Kan.) 

55 

Kazat hai - koravh i (' Pa m .) 

1.18 

Komal-siali (Nepal) 


74 

Kan'hufiinnixahanibii (Kan.) .. 

255 

Kdri (Merwara) 

59 

Knnda gogw (Tei.) 


89 

Karinckki (Kan.) 

512 

K c m b a mall i^ai ('Pa m .) 

252 

K ondakalai y/ ('Pa m . ) 


515 

Karinochil (Mai.) 

512 

KcmpumaUVffc (Kan.) 

252 

K ondamaritidi ('Pel .) 


6 

Kari vnnu^^ada hallii (Kan.) . 

42 

Ki-.n\f 

! ! ^77 

Knnda potari ('Pel.) 


529 

Kaikar (l*un jab) 

255 

Kcnncf'fj^Ha (Kan.) 

178 

Kondavcmptdi (Tel.) 


181 

KarkrI (Bombay) 

272 

Kvor (Pun jab) 

105 

Knndcii (Mai.) 


11 

Kanni (Hindi) 

257 

Ki'pala (Kan.) 

276 

Konf^ti ('Pam.) 


III, 115 

Karniora (Kashmir) 

9 

Kcr (Punjab) 

249 

Kotwo (Oriya) 


149 

Kannu'chi (Kan.) 

29.^ 

Kvrvk lala (A.s.s;im) 

101 

Knod salon (Kan.) 

. . 

105 

Karpnrakaciiali (Sans.) 

15 

Kcrmi (Knhi) 

9 

Kora (Hindi & Kan.) 


74. 105 


VI 



Korakkadi (Mai.) 

Kortniam nVI.) 

Koratthi (Mai.) 

Korchif (Kan.) 

Korii'i (Tam.) 

Korivipala ('Icl.) 

Konw^undu (Tcl.) 

Kurouda (Assam) 

Kotafrandhal (Hindi) 

Koli (Mai.) 

KorsKO 
Kowti (Mar.) 

Kkarao On. 

K ri.sh nahi ja (Sa ns.) 
Kris/iiut-kamhiiji (Sans.) 
Krisiniasurmi (Mar.) 

Krot (Indian) 

K slietra-pdrlmUi (Sans.) 
Kshudrapasiunuddiedd (Sa ns.) 
Knar (Hindi) 

Kuhinde (Nepal) 

Ktuiin fiundidn (Keng.) 

Kiida (Mar. &. (*ii j.) 
Kudal-vhuriki (Madras) 

K uda - mallii^ai (Ta n i . ) 
KudamuUa (Mai.) 

Kudnnn (Bihar) 

Ku^iuihalli (Kan.) 

Kukarhat (Pnnjah) 
Kuknniadunda ('IV I.) 
Kitkurkat (Hindi) 
Kitkitrodonli (Oriya) 

K u la pptillai -l i rai ('Pa in.) 
Kidlai ('lam.) 

Kidtolia (Kuinaon) 

Kumcria (Hindi) 

Kuada (Sans., Hindi A' M.'idh 
Pradesh) 

Kuada tun (Tel.) 

Kuadara ^addi ('Pel.) 

Kuadi (Alar.) 

Kundphitl (Hindi) 

Kunjnlota (Oriya) 

Kura (Hindi) 

Kurappuaau (Mai.) 

K urasaaiynaiaai ('Pam . ) 
Kurchi (Hindi A' Beng.) 
Kurcli (Hindi A’ Beng.) 
Kurt'xa (Hindi) 

Kuri (l*nnjah) 

Kurujtulanai ^addi (Tel.) 
Kurukkali (Mai.) 
Kurukuttiaiula (Mai.) 

Kuna (Punjab) 

Kusal, Kusali (Binnbay) 
KuMtr (Mar.) 

Kusuri (Mar.) 

Kulaja (Sans.) 

Kulhaa (Trade) 

Kul-kirha (K;m.) 

Kulz (Punjab) 

Kyadat (Khasi) 

KvANi'ir, 


L 

lAddah (Hindi) 

Laee wings 
l.aeewing bug 
l.aeewing fly 

Ladybird beetle l*M, 

Lady’s Kinckr 
/.rtg (Bombay) 

Lakar hay^ha (Hindi) 


74 

Lakra (Hindi) 

276 

Lai ulu (Beng.) 

1.35 

iMl-amhadi (Mar.) 

103 

Lal-amhari (Hindi) 

276 

Lalhhereada (Beng.) 

276 

Lalhunlua^a (Beng.) 

1.38 

ImI niista (Beng.) 

41 

Lai tot ilia (Nepal) 

275 

l^imkaadol (Assam) 

142 

Lamlvm (A.s.sam) 

.3 

Laay^ali (Sans.) 

142 

lutu[fulilata (Beng.) 

140 

I.anrana bug 

249 

Lantana lace bug 208, 1 

320 

Lantana .seed fly 

162 

La-sya-rit (A.s.sam) 

299 

Latahai (Hindi) 

15 

Latakasturika (Sans.) 

113 

r.aterites 

103 

Latikarum (Beng. A Nepal) . . 

329 

Leaf curling aphis 

112 

Leaf-eufting weevil 

103 

Ix’af-ftilder 

14 

Leaf hop|»er 192, 193, 195, 208. 

289 

Leaf-iii.seets 

289 

Leaf \veo\ il 

77 

Lee/ (IXlhi) 

253 

Lemuii butterfly 

149 

Lepidoeroeite 

317 

Les.ser grain bnrer 

149 

Lezvar (Punjab) 

312 

Lice 

106 

Likaadi (Mar.) 

276 

Lilihkhi (Santal) 

108 

Lily 

42 

Blood 

(’OMMON Cl.NOKH 

272, 284 

(iiNca-.K 

284 

Paintkh’s Bhi'sii 

272 

Spidkr 

283 

Sl'lKKD (b.\(;K,K 

284 

Yk 1.I.<*W (bSOKR 

252 

Liadtara (Kan. A l3ombay) 

103 

l.imonite 

M5 

I. inseed gall midge 

151 

Litehi leaf-eiirling mile 

103, 104 

Lof;wooD 

145 

l.ooper 

103 

lAitaa (Madhya Pradesh) 

9 

Lotumlmh (A.s.sam) 

1 

Loiisefly 

74 

Laxaaytonto ara (Bihar) 

284 

Lucerne caterpillar 

170 

Luiaji (Punjab) 

42 

I.t'KRAHil On 

283 

I.I'ITI.IN 

283 

103 

149 

M 

1.38 

179 

Mahil (Bombay) 

II 

Machaori (Uttar Prade.sh) 

326 

Mai'hhttr (Hindi) 

Mad (Garo) 

Madavi (Tam.) 

Madayan saaipratii (Tam.) 
Maiidkk, Indian 

9 

Madliabilata (Nepal) 

I8S 

Madhavi (Sims., Mar., Giij. A 


IQ.S, 19S Kan.) 

22.S, 226 Madhavilata (Hindi & Beng.) 

224, 226, Madhai'i-tip^ ( Pel.) 

227, 22S Madhmalti (Hindi) 

84 Madluthi (Oriya) 

272 Madho lata (Hindi) 

1.^8 Madhuhh lata (Beng.) 


138 Madhuhi (Beng.) 

2.W Madhyanaaialliy'c (Kan.) 

‘^2 Maggot flies 
92 Magnetite 
295 Mav^rahu (Hindi) 

.^11 Mahabal (M.P.) 

92 Mahogony collar borer 
41 Mahogonv shoot borer 
162 Makhi (Hindi) 

I4I Makki (Oelhi) 

147 Malabar kino 

251 MaUiixaataaakku ('Pam.) 

224 Malakalli (Pam.) 

224 Malaaiaravftti (Mai.) 

224 Malaakua (Mai.) 

155 Malati (Sans.. Beng. A 'Pel.) 
178 Malt'hcyyf (Kan.) 

75 Malle (Pel.) 

2.S6 Malliyai (’Pam.) 

149 Mainer (Kan.) 

201 Mallika (Sans.) 

199 Mai, low, Mi sk 

198 Mai.i.ow PRia-:, Yi.i uiw 
I, 212 .Mall, Bariev 

188 Mallo (Hindi) 

197 Mahi'ajari (.\ladbya Pr.idesh) 
181 Maaiui (i\s.sam) 

199 Manali (.Mai.) 

2.S6 Manatees 

210 Mauilia (Kashmir) 

.106 .Man golly 

219 Mango hopper 
276 .Mango mealy bug 
181 Mango stone \vee>il 
Manjiyai ('Pam.) 

2 Mitakaaa ('Pel.) 

12 Maaaiadahaaaai ('Pam.) 

1 1 Maaniatliahaaaiu ('Pel.) 

2 Maathala atukki (M.il.) 

149 .Mailt ids 

13 Maau-kala-phul (Assam) 

14 Mao-aiarli ((iaro) 

74 Maraharalu (Kan.) 

256 Maraiada (lUlar l*ra«lesh) 
19.1 Maratatte (Nilgiris) 

201 Maravattai ('Pam.) 

2 Maravvtti ('Pam. A: Mai.) 

195 Marjadavvla ((hij.) 

170 Marjal (Kashmir) 

41 Maror (Uttar IVadesh) 

21.^ Marnrphali (Himli A Pnnj.) 
148 Maroti (Mai.) 

92, 197 Marudi (Santal) 

273 Maryadvcl (Mar.) 

140 Masau (Madhva Prailesh) 
135 Mascl (Bombay) 

Mashayaai (’Pam.) 

Masuri (Madhva Pradesh) 
Math 
Ykkba 

274 Malhaai arak (Bihar) 

273 Mathu (Punjab) 

214 \fatt'tda (Aiiflamaiis) 

1 1 .Mayflies 

101 Mayirmaaikkam (Tam.) 

319 Mealy aphis of peach 

16 Meatfly 

101 Mvvcitiuyoti (Mai.) 

Mi'da puap (Bi}iar) 

101 Mediterranean fruitlly 

101 Mclial (Piinjal)) 

101 Mt’i da-kyaa (Assam) 

101 Mt’i-louy-kaitsrcf (Khasi) 
162 Mei-soh-siany (Khasi) 

101 \fej-pcosrce (Assam) 

101 Mckadi (Mar.) 


101 
281 
220 
256 
3.1 
6 
204 
209 
320 
320 
132 
296 
315 
140 
315 
282, 285 
114 
284 

284 

285 
289 


97 
128 
282 
273 
321 
176, 181 
4 
9 

220 

199 

199 

199 

249 

276 
285 
289 
112 

22.5. 228 
108 
89 
29.1 
272 
140 
H2 
142 
251 
255 
272 
27 
14.> 

272 

251 

273 
273 

277 
273 

163. 164 
164 
148 
179 
35 
188 

252 
201 
220 
168 

6 

199 

272 

108 

282 

282 

9 

276 


VII 



(IVI.) 

2.S1 

Mi'sk Mai.i.ow 

75 

Nila (Sans, & Kan.) 

176, 

181 

Mista 

77 

Musk .seed 

70 

Nitdbari (Cwalior) 


176 

Mcstalfal (Bciig.) 

. . 77 

Muwdd (Bombay) 

274 

Nildkobari (Tel.) 


1.19 

Mvlikasa (IXtran) 

179 

Mustard aphis 

.. 19.1, 190 

Nildtn (Mai.) 


182 

Mfliatuii (IVI.) 

249 

Mustard sawHy 

.. 195, 196 

Nilamuni^d hullii (Kan.) 


275 

Mhotihimani ((Iiij.) 

A29 

Must It (Mar.) 

.151 

Nildi'dhi (Kan.) 


109 

Mit rok piiloplcrous hud cau-r- 

Mutdhcld (Hindi) 

281 

Nili (San.s., Mar., 'Pam., 'Pel. it 




198 

Miitdldkkddtd (\lal.) 

28 

Kan.) 


182 

Midiithit (IVI.) 

191 

Mill Idl'd fd tidied m ii (IVI .) 

5.1 

Nilikd (Sans.) 


182 

Mitigcs 

.. ISS, 218 

Mdttid ldtd (Ben^.) 

14 

Niliiiarfiditdi (Hindi) 


512 

Mii^liok-kuHi^ (1 xpi ha) 

74 

Miilii'indd (Andaman) 

151 

Nilkdlmi (Beng.) 


249 

Miji;ralory lociisi 

202 

Mzi'dri (Hindi) 

280 

Nilkdttdi (Punjab) 


50 

Mi ja ni:,r-u‘ (Assam) 

.114 

Myl.ibris beetle 

2.11 

Nilld (Sans.) 


182 

Mi nini^-k’su (Khasi) 

107 



Nillmshpi (Mar.) 


249 

Min/iai (Miiuli) 

249 

N 


Nilycl (Mar.) 


249 

Misi iia^il (Assam) 

108 



Nitikkirambii (’Pam.) 


511 

Mius 

.. 194, 195 

Ndb-mdllii'd (Beng.) 

281 

Nirddi ( Pel.) 


142 

Miltui uln (Hindi) 

2.18 

iW/c/i/i ('Pel.) 

145 

Nirddi-niulltt (Tam.) 


142 

Mithiuri (lauiisai) 

9 

Nddishdkd (Mar.) 

257 

Niraldin (Mai.) 


142 

Mtifihu isftnitilti Vitrikiii hullu 

Nd^iddddii ('Pel.) 

29 

Nirbishi (Hindi it Beng.) 


.151 

(Kan.) 

271 

Nd^d-iihvd (San.s.) 

.15 

Nirdd (Mar.) 


181 

Mdtlirtikkani (Kan. A: .Mai.) 

1.15 

i\’di'dmdlli ( Pam.) 

281 

Niri^diidf^ilr (Kan.) 


115 

Mttvalit'rcuda (Mar.) 

29.1 

i\diidnif^dli (Oiij.) 

181 

Ninu’lli (Mai.) 


520 

Moitrn llXnu.. Mar. it Ihimhav) 2S.k 2S4, 

Sdkddddti (Mai.) 

295 

Nirpdiidi ('Pam.) 


257 


289 

Sdkdm (.Mai.) 

.15 

Nirpdrdthi ('Pam. it M;d.) 


97 

Mttkinuiar (Madhya Piadtsli) 

.112 

\dkki (too ( Pam.) 

29 

Nirfypul ( Pam.) 


520 

.Moi.ks 

10 

t\dldnihhdii ((hij.) 

257 

Niruydf^iii-vcndrdiiiii (Tel.) 


511 

Shiirt-iailrd 

11 

NdldU'd^c ('Pel.) 

102 

NirvdIlipuUn (Mai.) 


148 

White-tailed 

11 

iVw/i (Punjab it IXIhi) 

257 

Nirvanchi ('Pam.) 


1.15 

Mullu-yclli ("I'am.) 

10 

Ndlitd (Sans.) 

77 

Niri'idti (Mai.) 


142 

Mtnitldro (Oriya) 

91 

Sdlldkokkitd ('Pel.) 

251 

Nilyddidlli^i' (Kan.) 


282 

M<fniillu‘l kuH;^ (I.e|K ha) 

11.1 

Sdlldntdlld (Mai.) 

289 

Ntiiiii ('Pei.) 


27 

Mttoldi ('Pam.) 

2U) 

Willdiwiiiili ('Pel.) 

512 

Ninibord (Beng.) 


1.19 

Mornro (Hen^.) 

272 

i\’dildf»d/i ('Pel.) 

520 

Nurdkvcl (Bombay) 


517 

.MnKMN<; (h.ol<^ 

252 

\dlldl)uri4i>uiiit ( Pel.) 

520 

Nuth (Bombay) 


272 

Mosha (Benj;.) 

214 

\dndl ( Pam.) 

170 




Mos(|uilo hii^ 

.. 194, 201 

Xdinidri ( Pam.) 

.1.1 

o 



M<tsLan-l>hi4l (Assam) 

41 

i\drdcfH' ('Pel.) 

0 



Mutd-lutauii (iVssam; 

.121 

Sdtdudmlnipuli (Mai.) 

89 




Mothd (IXIhi) 

.1.11 

\dri (Punjab) 

257 

Okra 


84 

Muih hrn’er 

.. 19.1, 194 

iWirinj^i (Bombay) 

.19 

Oi.ia'M 



Moths IS4, 

188, 198, 210 

Xdrinji ('Pam.) 

181 

(]|iAn.Moor:R\i: 


142 

Mnlid (Ben^.) 

289 

XdnuiitUi (Mai.) 

5.1 

Hyperici 


155 

Mat i rak ka tt u i ('Pa m . ) 

1.15 

Xdti'hn kdddi (Kan.) 

512 

|rNii*r.Ki 


507 

Mntiya hvld 

290 

Sddkrdhd^h (Benj;.) 

1.18 

Olive fruitlly 


201 

Mdttvd^d (.Mai.) 

.1.11 

Xdi'difHuhi ( Pam.) 

191 

Onf^d (IXIhi) 


515 

A ! ritht fydlrdkd (Sa ns.) 

181 

XdVd did Hit d ( Sa ns.) 

281 

Onion ihriiis 

190, 

201 

Mt it'd- shined (Sans.) 

•>- 

Xdyii/eiidr (Kan.) 

529 

Oiifnilodiiilo (Oriya) 


55 

Mdiltiuirhishd (Hindi it Bent;,) .^I.S 

Xdyihulldl (Kan.) 

59 

Ooloo (Beng.) 


170 

Md^dhfc (Sans.) 

281 

Xtiyvild ('Pam.) 

59 

Onsi ftiillii ('Pam.) 


42 

Mukurdin (Mai.) 

.15 

W’dinidr (.Mai.) 

529 

Orcldthddidrd (Mai.) 


1.19 

.Mulheirv silkworm 

2.11 

A’e<7 (Hindi it Benj;.) 

182 

Orris 


2,S4 

Mi'i k Kk.rn 

.15 

Xcrihdri (IXIhi) 

.120 

Orris RtMU 


254 

Mdlldi ('Pam.) 

285 

Neem mealy scale 

198 

Olio, JasiUiiie 

.287, 

288 

Miilldrdsdtiddi ('Pam.) 

1.17 

\ciifidk (Punjab) 

100 

Oltii jullii ('Pam.) 


.111 

Mullitr 

.120 

.V<7 irupu (Kan.) 

117 

( )\ hot 


215 

Mnlln lioiiu ('Pel.) 

90 

Xi‘i-kdllt‘i (I'am.) 

8 

Ox liuise 


214 

\fdni;hil dudlhan ( Pam.) 

11 

Xidd-ddiidd (’Pel.) 

295 




Mutr^rd 

290 

Xcldhvndd ('I’el.) 

88 




Mudminid (Punjab) 

272 

Xvldddi'dre (Kan.) 

91 

P 



Murchi (Tllar Pradesh) 

272 

XcldSditiJiii^c (Kan.) 

.li.‘ 




Mnnld^hi'f^ (^hij.) 

27 

XcIdZdiili ('Pel.) 

512 

Pddlvdllv\ .(M*tl-) 


102 

Murtli (Matihya Pra<lesh) 

272 

\ciiidli ( Pel.) 

109 

Pdbd (Madhya Pradesh) 


271 

Mntimitri (Oriya) 

27 

Xcdprt’in’ 

09 

Pdrcdpiili (Mai.) 


89 

Munnurid (Oriya) 

27 

Xt’pdldiiiN ( Pel.) 

29.1 

Pdchdbotukd ('Pel.) 


529 

Musdt (.Madhya Pra<U-sh) 

27.1 

Nkimikiik 

.. 278, 279 

Pdchchf ddriiiidllf ('Fel.) 


282 

Musdtldldi (Pam.) 

251 

Xi'rci-poditiv ( Pam.) 

51.1 

Pachi ('Pel.) 


1145 

.Musele scale <»f pepper 

194 

Xcrfmiidii ('Pam.) 

515 

Pddam (Ottar Pradesh) 


508 

Mdshdd (Madhya Pradesh) 

274 

Nettle grub 

192, 195. 198 

Pdddrtnallij^di (Tam.) 


285 

Mdshdkddi (Oriya) 

249 

Xrz'dii (.Sans, it .Mar.) 

275 

Paddy army worm 


229 

Mu.skdd (Hindi) 

27.1 

Xfi'dri (Hindi it Cuj.) 

275 

Pjiddy gall midge 


229 

Mii.sht‘1 (Hinrii) 

27,1 

Xirkdii (Mai.) 

149 

Pafldy stem borer 


229 

Mushk iU:nd (Hindi, Beiij;. 

it 

Nieliier 

205 

Paddy swarming earcr|)illar . . 


229 

C;iij.) 

75 

Sihdtilirzi'dni ((Xij.) 

529 

Pad era (Kuinaon) 



.\tusidl (I’ttar Pradesh) 

27.1 

Nil (Hindi, Beng., (luj. 

it 

Paharukibamlan (Assam) 


102 

Mitskvi (Punjab) 

6 

Marwar) 

.. 170, 182 

Painted bug 


196 


VITT 



Pala (Tcl.) 

l(H 

Pi I V SR : Nr r 


203 

Putiddl (As.sam) 

148 

I*ttl(if>nrii^u ('IVl.) 

HI 

Pichdkdm (Mai.) 


285 

Piilloo Itm hit’ (.Madras) 

231 

Pdlanfff^ini (Sans.) 

1 

PUhdkdtHdlld (Mai.) 


285 

Putldlnild ( IVl.) 

276 

Palaturu ('IVI.) 

111 

Pichhnld (Assam) 


320 

/*v/iv (I'am.) 

168 

Pala\ lit rat (Tam.) 

III 

Pichi (Tam.) 


285 

Pvrile 

256 

Pnlkodi ('ram.) 

313 

Pig louse 


214 

Pvrrhmite 

256 

Palniufiauf(i (Tain.) 

248 

Pilihoni'dri (Mar.) 


251 



Palmutdkku (Mai.) 

248 

Pil\ (Mai.) 


168 



Pddid (Punjab & Kashmir) 

.^06 

iUinottcni^d (Mai.) 


331 

R 


Pdudittekii (Tam.) 

321 

1*1 .\KY 


310 



PdHdldrdH}>d (Mar.) 

311 

Pink eaierpillar 


105 

Radix Kaiaiihiae 

325 

PdHi h-fHilri (Sladhya Pradesh) 

2.SI 

PilHilhdti (Punjab) 


.10 

Pd}>lnri'dr (Bnmbas) 

322 

Pdtuidm kdththi (Mai.) 

271 

l*ilu't‘likd (Sans.) 


231 

Udikurd (NIar.) 

275 

t*diitldsudli (Oriya) 

273 

Pirien^fi (Nepal) 


15 

l<\ll.\V\> t'.RI I.IM u 

247 

Pdiulluird kiuld (Mar.) 

1(13 

I'iri-jnrikd (Oriva) 


80 

Kaisi.n rRi-i-., |ai*\m si; 

131 

PdUfihdripdle (Bombay) 

181 

l*isdnfii ( IVl.) 


1.15 

Rdjdin (Punjab) 

100 

Pdmiihdrrdfiluf (Tel.) 

320 

iUld koru'd (Oriva) 


103 

Kdjdfid (Hindi A Ben.) 

276 

Pdiuii hclld i^diltli (Tel.) 

42 

Pitoudi (Oriva) 


6 

Rdkdlfnli (Chij.) 

101 

Pddtiiki ('IVl.) 

320 

Pilf)dfHidd (liombav) 


313 

Rdktdkd (Sans.) 

276 

Pddhun (Oriva) 

248 

Pilfutlnd (Hindi) 


15 

Pdktdfhild (Sans.) 

181 

Pddi Imlln (Tam.) 

42 

Pitiid (Hindi) 


/ / 

KdmdhdUdui mulltii ('I'am.) 

282 

(Hindi, Beiij;. iV: Punjab) 

320 

Pi\dnd-koni-i^ddi (Madhva) 



Iiddi;^uzi‘d (Nepalese 


Pddshent (Ben^.) 

31 

Pr.'idesh) 


271 

A Nepal) 

132, 321, 322 

PdtUdmhul ((hij.) 

108 

Pla);iie Ilea 


210 

Rddilurdi (Hindi) 

84 

I*dl)dr (Ktiiiiann) 

100 

Plant Ioii.se |0|, 

103. 108. 

202 

Rdmixi-rdddi (.Mar.) 

203 

Pdfund (Mar.) 

100 

Plume moth 


106 

Rdd hhendi (Hindi 


I*dl)ri (Flindi) 

100 

P«)d borer 


108 

A Bomba v) 

.S8. 00 

P.\R.\<.r.\Y I'l.X 

103, 104 

Pdkdlid (Bombay) 


148 

Rduhhi'ndx (Bomb.'iv) 

06 

P\R\ Ki'hrkr Irki-. 

4.S 

l*old (Ben);. A' Punjab) 


320 

lidii hihti ( Bomba V) 

108 

PdrdsikdXd (Sans.) 

LSI 

t‘nld(i (Hindi) 


320 

liddi^d did (Beng.j 

238 

Parasoi Ki.owkr 

108 

Pnlci'hi (Mai.) 


02 

Rdii}‘dd (Hindi A Ben^.) 

.. 273.276 

Pdrm'dili (Sans, ik Tam.) 

102 

P<ilhi beetle 


104 

Ndns^dlmtri (Sans.) 

182 

Pdriddi (l.(‘|»eha) 

II 

Pome);rana(e biitterllv 


200 

Rudi ddir'iii (Dehra Dun) 

III 

Pdrif>dl (Mar.) 

l.s 

Pomhid wdrd (Madhva 



i<d d lidihu ( Bo m ba V ) 

.10 

Pdrudhij (Bomliav) 

315 

Pr.'ide.sh) 


42 

Rdd-didi^rd (B(»ml>a\ ) 

283 

Pdt fudhii^diii ('Tam.) 

15 

Ptdii>n ('ram. & .Mai.) 

.. 115. 

117 

Rdd-tncdd (Bomb.'iv) 

148 

Pdtpdl ((hij.) 

15 

Ponmdllikd (Mai.) 


282 

Rdshijd (Kan.) 

100 

Pdrsiii (Biimbav) 

0 

('I’am.) 


313 

Rd Slid id (Oriva) 

316 

Pd rid find (Kan.) 

1 

Pitfidihuli (Punjab) 


,^o 

Rdldkuhodihd (.Sans.) 

1 76 

Pdrufyuhcmld ( Tel.) 

88 

Poi'i'V, Mkxic.w 'ri’iii* 


137 

Rdtdld (M.'ir.) 

2.18 

lUirvdldrdtKld (Sans.) 

20.i 

PosiiKXR (Kashmir) 


236 

Rdlddjtdd ((hij.) 

201 

Pdfii'd (Hindi) 

4> 

l*(ddri (.Mar.) 


320 

Rdlddpdrds (Bombay) 

1.10 

Pd\hdHdhr(ldkd (Sans.) 

113 

Potato moth 


106 

Rdlddfdtms (Hindi) 

I.IO 

Pdl (Benjj;.) 

321 

7*0/ r I (’IVL) 


320 

Rat Ilea 

2M 

Pdldti}^ (Hindi) 

2 

Pidtdr (Madhya Prade.sh) 


170 

Red and black spotted beetle 

107 

Pdthrd (Hindi) 

.L20 

Pulur (Madhya Pradesh) 


140 

Red ants 

2M). 2.10, 231 

I’dii (Hindi & Ben»;.) 


Pran ddti}* (Mikir) 


131 

Reil borer of’ cidFee 

205 

Pdtkudri (Kuniaon) 

.>15 

Prayiii); mantids 


188 

Red cotton bu>; 

.. 103. ion 

Pdtru liur'ii'd (Oriya) 

103 

Plot u rails 


188 

Red );rani biul weevil 

102 

Pdlsdii (Hindi) 

77 

Psoeids 


188 

Reil-hairy caterpill.'ir 101, 

102, 103, 220 

Pdltiddiln (Kaslern llimalay.is) 

314 

Psvilid bu); 

105. 108. 

100 

Re»l p;ilm weevil 

202. 220. 2 >o 

PdtddSdi^ (Hindi) 

237 

Pubie louse 


210 

Red pumpkin beetle 

I on 

Pdtii'd (Hindi, Ben^. i\: Mar.) .. 

02 

Pdisldtiiudi (M;i<lras) 


231 

Red sIuK 

105 

Pdi'dUd (Mar.) 

^20 

Pidd (Hindi, Punjab iV 'IV.-Rle) 

320 

Red spider 

105 

P. B. sillimaniie 

328 

Pdldt hdkiri (Kan.) 


02 

Red weevil borer 


Pear psylla 

201 

Pnliiluhdi (Mai.) 


02 

(d covoamii p.'ilni 

201 

Peitolile . . 

278 

I*dliclu lidi kerdi ('I'am.) 


02 

Rt'di^rfiddddi (.Muudari) 

41 

I*t(IdHi’Z'ili ('IVl.) 

100 

Pdlii ht'vidu (Mai.) 


248 

Rcslidditddftdlfid (Bomb.'iv) 

231 

I’nitidurfydldmu ('IVl.) 

203 

i'ldichhdi ('lam.) 


77 

Rflidddi (Kan.) 

1.17 

Pccldjdi (Hindi) 

282 

Pulichoz'ddi ('Pam.) 


251 

Rhatany 


tWIi i'hdiHvli (ilindi) 

282 

Pulwhm'dlu (.Mai.) 


251 

Para 

325 

Pcfitlifdl (.Mar.) 

270 

Pdlifndnji (’I’am.) 


77 

Peruvian 

325 

Pejjper Ilea beetle 

104 

Pdlisdr ( IVl.) 


320 

Ran>;e 

325 

Pepper mealy bn;^ 

104 

PdU \d did ddkku (Ta n 1 . ) 


205 

Savtinill.'i 

32.3 

Pi'rdn/oli (Tam.) 

140 

PdUuni:!; (Hindi A’ .Mar.) 


42 

Rhinoceros beetli' 103, 

2t)2, 220, 2.><t 

Pvlthri (Punjab ik Kashmir) .. 

.100 

lUtudchu ( IVl.) 


145 

Rim hvrh. Ch viiM vi \ 

207 

Phadk.'i };rass hopper 

100. 10 1 

Pundikkiuii (I’am.) 


2.31 

Ru K, Bi.m.m. Who 

148 

Phdi-hershvi (Assam) 

317 

Puudi (Kan.) 


77 

Rice bu); 

100 

Piidfyrusd}' (Punjab) 

240 

Puiuiihijd (Kan.) 


02 

Rice grasshopper 

.. 100. 101 

Piidrari (IVimbay) 

272 

Punjab borer 


104 

Rice hisp.'i 

|00 

Phdrud (Mikir) 

so 

PrRoi.vo Ni t 


203 

Rice mealy bug 

100 

Phuld (Wcsiern flimalayaO .. 

300 

Pdrilikdtld (Tel.) 


251 

Rice moth 

2 1 1 

Phuh'd (Afadhya Pradesh) 

170 

Purititi^e ('IVl.) 

. . 248. 

240 

Rice weevil 

|0|. 210. 220 

PhurUiimU (Ass.im) 

140 

Pdrdn (Oriva) 


1.30 

Rididd (And.im.ins) 

114 

Phttiikd (Oriya) 

8 

Ituriis/idrdlndm (Tam.) 


130 

Rilhtnd (Dehra Dun) 

108 

Phutki (Assam) 

I4S 

Pulfdd (Bombay) 


271 

Robber II v 

22/ 


IX 



Rock -hoc 


241 

Saiis,\<:k Trkk. Common 

418 

Siralli (Tel.) 


181 

Kola wjif - fifnt nj^ ( A s.sa m) 


74 

Saiissiirite 

278 

.Vi re ka lei 


287 

Romani Jtli nlo (( > r i va ) 


276 

Sawfly 

.. 197,206 

Siriari (Hindi) 


29 

Rookmini (Hindi A: Hfng.) 


276 

Sa\a-K'er (Tam.) 

16 

Siridamanu (Tel.) 


114 

Kosk. 



Scarab beetles 

225 

Sirikki (Tam.) 


249 

(-ii.\N(;k\iu.i: 


yi 

Scorpion flies 

188 

Sirma (Punjab, l,adakh 



tlllINKSK 


91 

ScHKW Trkk, East Inoivn 

27 

A Lahoul) 


100 

C'oNFr.OKKA I F. 


91 

Screw worm fly 

225 

Sira (Hindi A Uttar 



C'oiniN 


91 

SKAUrCKTIIOKN, C^OMMON 

100 

Pradesh) 


170 

|.\l* VNKSK 


M7 

Sea Cows 

4 

Siriiltali (Tam.) 


251 

()|- SlIVRON 


96 

St'lhal (As.sam) 

275 

Silachekes (Mar.) 


40 

Kosi I.I.K 


92 

Senat-kanff (1 ,e{K-h:i) 

145 

Si taehekesa (6 1 a r.) 


252 

Rnaiii thinii (Ass;im) 


141 

Setnharallai (Tam.) 

91 

Silainlni (Mai.) 


101 

Ruhlur 



St'in maUii^ai ('I'a m.) 

282 

Sit rati (Punjab A 



liutxl 


69 

SemlHiruthi ('I'am.) 

91 

Kum.ion Hills) 


14 

Clrcpc 


62 

St'L'ro (Ktiteh) 

10 

Sivamballi (Kan.) 


176 

Drv 


67 

Snera (Kiitch) 

10 

Sivanarvembit ('Pam.) 


414 

Hard 


67 

Shaf'ali (Punjab) 

179 

Sivanimba (San.s.) 


176 

Latc\ MI, ^>2, 67 

6S 

Shah dvvmak (Hindi) 

241 

Siuinar vembu ('Pam.) 


176 

Raw 


62 

Shakarkand (Hindi) 

248 

Sivettachin (Lepcha) 


108 

Reclaimed 


6« 

Shakarkandi (Pun jab) 

248 

Small flea beetle 


196 

Smoked sheet 


62 

Shalapara (Hindi) 

91 

Snake flies 


188 

Synthetic 


69 

Shata (Bombay) 

274 

Snakegoiird .semilooper 


196 

Rttffni /msfiluim (Sans.) 


91 

Shtuluri (Punjab A' 


Snout beetle 


204 

Rnlfl nutra (Kan.) 


Ml 

Kiiniaon Hills) 

14 

Snowfleas 


188 

Rum iit’fmt (Nepale.se) 


\M 

Sheep bed 

214 

Soft scale 


195 

Rnni^rn (Hindi) 


MS 

Sheep bol 

214 

Soj^ade (Kan.) 


.44 

Ri sii 



Sheep lick 

214 

Soil -l\}in-kail ( K h as i ) 


107 

C’OMM«)\ 


M)S 

Sht'lijmnvranii (Tam.) 

178 

Sona (Bombay) 


274 

H.\ki) 


406 

Shcria (fhij.) 

/ / 

Sonajahi (Kumaon) 


282 

Matiinc; 


40.S 

Sherni (Bombay) 

114 

Sondeli (Kan.) 


II 

Son 


40.S 

Shervu fianaka ('lei.) 

41 

Stmf (Hindi) 


166 

Rust-reil Moiir beetle 


210 

Shidadi (Mar.) 

111 

SoKRKi., Jamaica 


92 




Shi mai-kirhehilik kishanf^u 


SmiRKi., Rkd 


92 




(Tam.) 

14 

Sosan (Himalayas) 


255 




Sh inuti yaiiri (Tam.) 

182 

Sosnn (Hindi) 


2.S5 

s 



Shimrnili (Kan.) 

182 

Soundalax anna (Tinnevelly) 


48 




Shisham defoliator 

207 

Soxamnoi (Oriya) 


162 

Sfninffuslilm (Sans.) 


2S4 

Shivtda 

279 

Spathic Ores 


268 

Snffdnruml (Ifiinli) 


294 

SiioK Fkowkr 

91 

Si‘KAR (Jkass 


42 

Sujed t iiilkti (Andamans) 


97 

Shot hole borer 

I9.S, 201, 204 

Sphinx moth 


196 

(Tam.) 


149 

Shoti (Himalayas) 

255 

Spotted boll worm 

194, 196, 198 

SVINFOIN, Sl'ANlSlI 


17 

Siirkw.s 

10 

Spring tails 


188 

St. |oiin’.s Wort. C!ommon 


\SS 

C'onimon tree 

11 

Srihastini (Sans.) 


29 

Stijfi Jihar 


s 

Himalayan water 

II 

Sruve (Kan.) 


241 

Saj-kmli (Hombav) 


274 

House 

11 

St ablet! y 


214 

Suknriti ((Juj.) 


2.hS 

Madras free 

II 

Slag-horn beetle 


185 

Sakarkcndii (Sa n I a I ) 


24« 

Nicobar tree 

II 

Staphylinid beetle 


225 

Sakena (Hindi) 


ISl 

.Savi’s pigmy 

II 

Star A nisi-: 


166 

Stikhnri.sJiti'fil ( Bomba v) 


14.S 

.Sikkim large-claweil 

11 

Stem borer 190, 

191. 194, 

200 

Stikkarvhi'UvikiUtn y n (' I'a m.) 


24H 

S/.echuan water 

II 

.Stem bt»rer of coffee 


195 

Salado rik (Kastern Himalayas) 

414 

SlIRI'HHY Ai.I'IIAKA 

96 

Stemfly 


192 

Sal borer 


204 

Shak/fa (Punjab) 

408 

Stem girdler beetle 


198 

Sal defoliator 


207 

S h a la nda- kora (' P.’i m .) 

276 

Sllial kanial (Hindi) 


91 

Samudrnfi/nai (.Mar.) 


2.S1 

Shunanili ('Pel.) 

182 

Slh(dol}idnio (( )ri y a) 


91 

SVNDHOX rKi:i'. 


147 

Shar (Punjab) 

.108 

SthalfHidma (Beng.) 


91 

Sandfly 214, 

2P^, 221, 

222 

Sharali (Mai.) 

419 

Slick-insects 


188 

Saiulvvieh caterpillar 


19.S 

Shwrla (Biirnia) 

279 

Stink bug 

208, 240, 

241 

San Jose scale 

.. 201, 

20S 

Shu'cliiothahi (Hindi 


StoneHies 


188 

Sdujiivanciiivcl (Mar. iV 



& lieng.) 

.441 

St y lops 

.. 188, 

228 

Konkan) 


40 

Sh \a mah ija (S;ui s.) 

-49 

Scccns Jt'MPKRl 


.107 

Snnk/ttthuli (Delhi) 


ISl 

Sianialala (Hindi) 

162 

Suehimallika (Sans.) 


281 

Sankoklti (Punjab) 


77 

Sia-nahor (Lakhimpiir) 

416 

Sackin}' lire 


188 

Sauna dabhai India (Kan.) 


170 

Sit ka (Hindi) 

1.14 

Sudrabilo (Mar.) 


107 

Sa n nah o^eso u (Kan.) 


420 

Siderite 

2.S6 

Suf>andhai'ach(i (Sans.) 


414 

Siinn hemp moth 


194 

Sil (Punjab A Uttar 


Sui^andhi-pala (Tel.) 


44 

Sanaasolti (Kan.) 


140 

Pradesh) 

170 

Sugarcane leaf-hopper 


194 

Sania (Beng.) 


14.S 

Silii'one Rubber 

69 

Sugarcane pyrilla 

.. 228. 

229 

Safytala (Sans.) 


281 

Silk-worm chrysalid 

229 

Sugarcane whitefly 

227, 

229 

Sariva (Sans. & (Iiij.) 

. . 

162 

SillHiianite 

.. 278, 279 

Suhuffa (Marlhya Pradesh) 


271 

Sarnali (Delhi) 


237 

Siltui (Lti.shai) 

142 

Sujimalliffe (Kan.) 

. . 289, 290 

Sarni (Bombay) 


114 

Silverfish 

.. 188,215 

SlTI.LA 


17 

SarfHtt (Saurasht ra) 


14S 

Sinudntru^a (Tel.) 

147 

Scmmkr (!yi*hk.s.s 


424 

Sarfiattia (Nepal) 


108 

Sinh (Hindi) 

10 

Sundeh ((Jond.) 


114 

Sarsarakii.i.a, Inoiw 

162, 

425 

Sin kola (Oriya) 

42 

Simdri (Beng., Oriva A Trade) 45, 46 

Sancala (Punjab) 


42 

Sir (Punjab) 

170 

Sundrichand (Mar.) 


45 


X 



SlNM.OWKR 


Atlvancc 

19 

Arrowhead 

19 

C'OMMON 

18 

(hant white 

19 

Grey stripe 

19 

Jupiter 

19 

Maneluirian 

19 

Mars 

19 

Menntmile 

19 

Pt)le star 

19 

Russian ;;iant 

19 

.Stmt hern cross 

19 

Sunrise 

19 

Suiifiree-kufi}’ (1 .epeha) 

1.13 

Sunkdri hiillit (Kan.) 

42 

Suukhdii (Bomi)ay) 

42 

Surd (Hiiuli) 

42 

Surdjdtudkhd (Mar.) 

18 

Surdjmukhi (Hindi, 


Ben;;. A Cbij.) 

18 

Surduti (Kan.) 

142 

Surbuli (Ben;;. A Oriya) 

16 

Suriydkduthi (Mai.) 

252 

Surnuiiuil (Hindi) 

176 

Surrd (Matlhya Pratlesh) 

113 

Surti (Kan.) 

142 

Surul puchi (Tam.) 

192 

Surydkduti (I'am., 


Kan. A Mai.) 

18, 91 

Surynld (Pimjat)) 

42 

Surydphul (^iar.) 

18 

Si'drudi'in (Bciik-) 

282 

Svdrud jut hied (Sans.) 

282 

Swallt)w lailetl butlerlly 

198 

SwAMi* ('.\HH.\ta: 

237 

SwKKi Potato 

2.18 

Sweet pt)iato wee^il 

196 

Sw r.iiT Kockki' 

41 

Sieet jdbd (Ben;;.) 

96 

Syduildtd (.Sans.) 

162 

SxdUidli ('IVl.) 

27 

Syuiudlotd (Ben;;.) 

162 

Syduutlold (Oriya) 

162 


T 


Tdbtto (Manipur) 


148 

Tdhkkirdi ( ram.) 


249 

Tdtudud (NIal.) 


142 

Tamarintl .sect! beetle 


211 

f'duibdd i^otd (Btiiiibay) 


273 

Tumbit (Bombay) 


273 

idmbrut (Bt)mbay) 


273 

Tdudikhodebdhd (Sanlal) 


181 

Tdudisol (Sanlal) 


1.19 

’I'd u}^- z h i u}f ( 1 A'pt ha) 


11 

laniki ( Tel.) 


113 

idu (Mar.) 


312 

Tapestry moth 


216, 217 

idpouifuti (As.sam) 


102 

Tdrds (Hintli A ^lal^) 


138 

t'drld (Hintli) 


41 

Turuldtd (Ben;;.) 


252 

Turzi'd (IMtar Pradesh) 


100 

’I'dsm (Latlakh A Lahoul) 


100 

'Fassar silkworm 


231 

Tdidrd (Hintli) 


315 

'I'dttii (Assam) 


148 

I'dturd (Punjab) 


168 

TdVdkhir (^Iar.) 


101 

Tehokpo (Sikkim) 


310 

Tea mthstpiito 

195, 

198, 200 

TkA, PAH.\t;i'AV 


1 63, 1 64 

Tea retl mite 


|95 


Tta slug .. 229 

Tclt’uimakhi (itiii<li) .. 2.tl 

Tcl kodukki (Tam.) . . 29 

rcUuraiitu (i'c\.) .. .M2 

rKij.iciiKKY Bakk .. 104 

TeUtkrya (Oriya) . . 270 

'I Viu caterpillar .. 201 

I'vffoftfyoniik (A^sam) . . 38 

Tcrada (Mar.) .. 168 

'IVrmilc qiiccii . . 230, 231 

Termites 188, 1 91, 193, 195, 205, 

20*^. 210, 216, 229 
VVema (Puiijal)) .. 255 

t'fzranji^u (Assam) .. 321 

‘I'/unnha^fWi (Mai.) 115 

ihapasi (lei.) .. 109 

Til vital (Irass .. 169 

Thttvftsai (Kan.) . . 109 

I'hchou-lata (Assam) .. 102 

Thci hii (Mai.) . . 276 

'I'hvitirbawm (Assam) .. 314 

I'ht’ibar (Assam) . . 275 

I'hvkvria (Assam) . . 277 

Thvkkatlfi (Mai.) . . 29 

Thekrai (Abor) .. 102 

Thelkmluku ptnuht (Tam.) . . 29 

Thcht (Western Himalayas) .. .)09 

I'hcnf^a nati pilin ('I'am.) . . 273 

Tht'ii^-are-uroii}* (Assam) . . 74 

Tln'ot (Simla) .. 179 

Theta (Mai.) .. 276 

Thiiij^an (Aiulamans A' 'IVade) 114 

Thififr ansil (Ass;im) . . .^8 

Ttiiny^-buphai (Assam) . . 275 

Thin^au, while .. 114 

rinti^phelem (Assam) . . 38 

rtiiokols . . 69 

Thoittptultno (Oriya) .. 91 

Ihinar ktnuiau (lam.) .. 316 

Ticks .. 213 

Ti^er beetle . . 226 

Tikhur (Hindi A* Beiig.) .. 101 

Til leaf and immI caterpillar 192 

/■|7/>/j/ir (Punjab) .. 168 

Til sphinx caterpillar .. 192 

Tintlu (Pun jab) . . 30 

(Le|K*ha) . . II 

Tint^-ziiif^ (Bhiilia) 11 

i'iri^a! (Kan.) 283 

t'irupu (Kan.) 115 

Tinilali (Mai.) . . 249 

Tita-bahak (Assam) .. 312 

Titnimtarijau (Beiij;.) . . 106 

Titirui-sosoiiron}^ (Mikir) 312 

Tubaret) biij; . . 194 

Tobaeeu wurm 192 

Ttibaeeu ealerpillar |9|, 229 

7uj«m (Bhil) .. 181 

/'(>/( (Kajasthan) .. 272 

Tnudsha (Mar.) . . 39 

I’tinka a^id (Bihar) 148 

Tori. NAM HI R . . 25 

I'tnathi (Kan.) 140 

Tnrolli (Kan.) .. 142 

Tukciiwooii Ixtmv 275 

Tiir-ela^a ('IVl.) . , 39 

Tori (Madhya Pratlesh) 272 

Torki (Hindi A Bombay) 181 

TorIt»ise beetle . . 196 

TulUi}^i(hi (Kan.) . . 295 

'riti-Moi.iTK. .. 279 

/‘rb/jif-//// (l.iishai) 322 

Trinpdli (Hindi) . . I 

Tnuil (Punjab) 168 

'I'rue buj;s .. 188 

True lice 188 


Tserkar (Puiij.ib) .. 100 

Tmii (Madhya Pradesh) .. 272 

Tttiielmi (.Mar.) . . 253 

itiipui-sulhla (Assam) .. 113 

Tiilalule (Mar.) . . Ill 

Tulentii (Pun jab) . . 6 

7'um6///t/ (Bihar) .. 155 

Tumbotnri (l.eptha) .. 15S 

’i'nn}t;ehinik (Lv\r\\:i) .. 101 

'Piipaias . . II 

Tupi (Nejial) .. 309 

'rurnieric skipper .. 194 

Tiir jMid ma);;;oi .. |92 

Turrak (Sans.) .. 142 

Turn fid (Oriya) 109 

Tutikurn ( Tel.) . . 237 

Tylleii-tlkhdr (Khasi) . . 89 


u 

I'tlddyu (Bombay) 
I'ddplm (lam.) 

I’ddr^odi ('I'am.) 

1. 'disduhhdlu ( Hind i ) 

I ^rdf^diuihd (.S.-ins.) 
rkri (Madhya Pratlesh) 
t tin (As.sam) 

I'lu (Hindi A Beu);.) 
I'mbusthd (Benjj.) 
I'ndridl (Kashmir) 
Uiidarbibi (Hindi) 
elnh (Lepeha) 
t 'ufr. h/i>niyn (I .epeha) 
f'tttii (Kan.) 

I’pdidsdri (Mar. A Ouj.) 
I'rdppimlHisd (Mai.) 

I rdppiippiein (Tam.) 
VridhdU (Ben;;.) 

I’rilo (Nepal) 

I'rrunki (Tel.) 

I siuidllif^di (Tam.) 
Csipdk (Assam) 

Tsirli (I'ltar Prailesit) 
Uvaro\iie 


200 

277 
162 
312 
149 
274 
170 
170 
281 
255 
295 

1 1 
1 1 
117 
3.1 
114 
1 14 
148 
l.vS 
272 
281 
90 
170 

278 


V 


1 diluikkulhi (lam.) 


I'ddliiyetdld (Tel.) 

101 

\'(ti:d ( Lusha i) 

8‘> 

\ diduipiti (Tam.) 

27 

I’fillipullu (Tam.) 

148 

I'dUdUidlliiid (.Sans.) 

289 

I dUduidllij^e (Kan.) 

. . 280, 289 

\’dU}ii (Mai.) 

113 

I’dundtudlli (S.’ins.) 

280 

\’duti (Guj.) 

148 

l urkdti (.Mar.) 

27 

1 drii piliu (Tam.) 

170 

Wifttildi kd\thuri (Tam.) 

75 

1 ' dsduddi^dlduidllii^di ('I'am.) 

101 

I’dsdutd (Sans.) 

284 

\’d!tdutiiiluti (Kan.) 

101 

I’dsdutduiulle (Kan.) 

281 

\’d\hfla (Taiu.) 

168 

I’dsukd (Sans.) 

178 

\'dtdnknlli (.Mai.) 

312 

I'dzli (Mar.) 

1 09 

I’edehi ('Pam.) 

276 

I'ekhdrixty ((Jiij.) 

179 

1 ekridvds (Marw ar) 

176 

I'eliuiuiii^il (I'am.) 

312 

I’elldikeerui ('I'am.) 

217 

] elhii kotr^u (Tam.) 

115 





yvlla-kasacu (Mai.) 


32 

I'clia kalaailm (Mai.) 


149 

1 rllakaltuninlla (Mai.) 


289 

I'cllakarunji (Mai.) 


312 

I'fllaya (Tam.) 


109 

I'l'llci kadaaiha ('I'aiii.) 


149 

I 'rllri fullai ( l am.) 


32 

]’fUi Uol (Traxancore) 


28 

\'t‘luh’kii (Mai.) 


329 

\'caa-ftaiha (.M;il.) 


29 

1 itula (lei. A: Mai.) 

. . 84, 

329 

I'tntlai (Tam.) 

S4, 

329 

\'t‘fih‘arinai (Mai.) 


312 

I't-filtalci (Tam.) 


103 

I t rciala (Hindi) 


295 

I vrim llan mu (1x1.) 


15 

I t rluiclii (Tam.) 


192 

N'esiix iaiiile 


278 

] t ill (Mai.) 


142 

\' atari (.Sans.) 


248 

Vidarihamt (Mar.) 


248 

\’idiilani (Mai.) 


170 

\’ilaiti nil (Hindi) 


182 

I'ilari (Kan.) 


149 

1 ilayati ihoinn (Helhi) 


181 

I ilayaHliaralii (Kan.) 


296 

\'irai ('I'am.) 


32 

I'iniliani (Sans.) 


296 

l imfiakshi (’I'am.) 

. . 289, 

290 

1 ' isininkranlii (Mar.) 


2.^2 

\'ii\i liikiili (Sans.) 


29 


\’nlcanilc til 

I’lmr ( JVI.) .. 181 

w 

Wui^h vliooru (Bombay) .. I 

VValni'i 

C^)MMo\' . . 299 

Ki'ropkan . . 299 

Pkksian . . 299 

llV/o/rt (Gtij.) .. 109 

WarbUMies ... 21.1 

\V arras (Hindi tV Mar.) .. 42 

U’arun}^ (Mar.) .. .129 

Water beetle 229, 2.10, 2.11 

Waierbu;j;.s . . 229, 2.10 

Wax Pi.ant, Common .. 134 

Webbiii;; elotbe.s moth .. 216, 217 

ll’e/yv/r (Western llimalaya.s) .. 309 

VN’heat apbid .. 191 

While ants 18S, 191, 193. 211, 216, 231 
White borer ... 194 

Wbiielly . . 227 

Wbitefly of cotton . . 207 

White plump weevil . . 229 

While-.s|K»cie<l Ilea beetle .. 197 

White tii.s.soek iiiiitb of apple . . 201 

li'tlauifi tiil.si (fJindi) .. I.S9 

Wild .silk m<»ih .. 199 

Wild silkworm .. 2.10, 231 

Winged ernitte . . 230 


Wingle.ss lly 


213 

WcMilv aphis 

idl, 207 

208 

Woolly bear 

217 

Woolly caterpillar 

. . 

196 

Wood wasp 

•• 

205 

Y 

Yai’Ron 


165 

Yai'a (Sans.) 


118 

Yavaka ('IVI.) 


118 

Yay kyauk (Burma) 


279 

Yfdaninri (Kan.) 


27 

YvUa mala kai (ram.) 


150 

Yrnnr mara (Kan.) 


319 

Ycki (IVl.) 


6 

Ycrra (lei.) 


92 

Ycrra kala kasinu (Tel.) 


274 

Yrrra/utlliru ('IVI.) 


178 

Ymvah (Guj.) 


118 

Yodlhika (Beng.) 


281 

VoKKsiiiKi-: Fo(; 


107 

z 

'/.alit'Iniilko hcc ( K a s 1 1 m i r) 


237 

/Mkhmhyat (Bombay) 


315 

/.hcyoii}^- k u ;/g ( 1 A'pcl i a) 


27 

y.irki (Deccan) 


249 

/.iron (As.sain) 


41 

'/orapterans 


188 



XII 




moicou 






